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CHAPTER I 1

INTRODUCTION II]

A key factor in the success of the United States Armed

Forces on the modern battlefield is the military's ability to

access information about the theater of operations in an

effective and efficient manner. Technological advancements in S

the past 15 to 28 years have created a situation where a military

unit that lacks the speed and efficiency of information flow will U
find itself at a disaec antage. This is especially true for the

ground oriented military units. These units rely heavily upon

the ability of their military vehicles to effectively traverse All
the terrain in the theater of operations. Whether the mission is

to conduct troop and equipment movements or to conduct a

resupply, the ability of these units to accurately and

efficiently determine trafficability information in the area of

operation could prove to be the difference between success and V

failure on the modern battlefield. 0

The information concerning a soil's ability to support NI
military vehicle movements is accomplished through the conduct of *

trafficability studies which utilize a cone penetrometer device.

Dating back to the late 1959's, this device has a long proven

record In its ability to provide reliable data in the

investigation of vehicle-soil relationships. However, its

extreme labor intensive operation, as detatiled in the Army's .

-
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Technical Manual (TM) 5-336. does not provide a medium by which %

%oil resistance data can be accessed quickly and efficiently. In

addition, the TM mentions the likelihood of human error in

properly recording data.

Technological advancements In electronic instrumentation and S

automation provide a means by which the manual control currently

used in the conduct of military cone penetration tests can be

reduced. Automation of the cone penetrometer testing operation

provides a means by which the military ground units can obtain

accurate soil resistance data in a quick and effective manner.

In addition, the reduction in manual tasks required of the

operator decreases the possibility of human error in the

acquisition of soil resistance data.

In an attempt to overcome the shortcomings of the current i-.
device and to take advantage of some of the technological 0

advancements in the field of in-situ testing, this research is "

centered around developing and testing an automated military cone

penetrometer. The scope of this research is to provide a

reliable tool in which the military's ability to gather soil In-

situ data is much more efficient and in line with current %%

practice in this field of engineering. The primary objectives of .

this research program include:

(1) Establishing the design performance requirements

and constraints required of an automated military cone

penetrometer system and working closely with the U.S.

%

, % %
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Waterways Experiment Station In the physical

construction of this system.

(2) Establishing an effective and efficient means of

Interpreting the electronically aequIsitioned soil

resistance and depth of penetration data through the

use of an electronic spreadsheet.

(3) Developing an Operator's Manual for the use of the

automated system in the conduct of trafflcability

studies and soil profiling.

(4) Developing and conducting a laboratory testing

program in Chattahoochee River Sand to validate the

proposed automated cone penetrometer system. 0

(5) Qualitatively analyzing the effects of rate of

penetration, cone size, and concentrated surface

loading conditions on soil resistance data obtained 4

with the automated system.

(6) Roughly comparing the soil resistance data ,

obtained with the automated system during the -

laboratory testing program with the soil resistance 9.

values obtained using the analytical model developed at S

the Waterways Experiment Station by Baladi and Rohani

e
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(1981). It Is noted that a detatiled study of this

aspect is not within the immediate scope of this -

fr.4 4.

research. I
, if

(7) Developing and conducting a field testing program

to establish the system's ability to effectively -*

measure soil resistance in a realistic, variable soil "-4

mass. This variability may be due to either the .,

inherent material composition differences or to the I

development of a dessicated crust on the surface of an VS..-

otherwise relatively soft deposit of soil. A

I

(8) Establishing the capability of the automated

system to effectively measure the change in soil %

resistance in a soil mass subjected to repeated loading

conditions which simulate vehicle traffic. 5,%

A brief presentation concerning the use of the current cone %

penetrometer in the conduct of military trafficability studies S

will initially be provided to establish the need and requirements

for the development of an automated cone penetrometer. Following

this discussion, the remainder of the report will deal with the S

actual design, development, laboratory testing, and field testing

of the proposed automated cone penetrometer system.

S:.
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CHAPTER 2

BACKGROUND ON THE MILITARY CONE PENETROMETER

2.1 INTRODUCTION

The success of military maneuver operations, where movements

on non-paved surfaces are required, depend heavily upon the

subsurface soil conditions in the area of operation. As

specified by the United States Army Technical Manual (TM) 5-330, m
g great majority of this success is based upon the proper

determination of the soil's trafficability through the conduct of

trafficability studies. This manual defines a soil's

trafficability as its ability to support sustained military ii
vehicle traffic. In determining the soil's trafficability

capacity, the military has adopted a procedure by which in-situ

and remolded strength parameters provide the impetus to

designating the ability of a soil to support a given military

vehicle.

To establish a soil's in-situ and remolded strengths, the .0 .,

United States Armed Forces utilize the standard military cone

penetrometer. The standard cone penetrometer has been used by

the military since the late 1958's to establish these properties

and subsequently a soil's trafficability. This chapter will

present the components and operational steps involved In the use 9

of the conventional military cone penetrometer. An overview of

how this device is used in the conduct of military trafficability A
I
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studies will presented. The efficiency and effectiveness of this%

particular device in the conduct of these studies establish

specific shortcomings of the overall process. These shortcomings

collectively establish the major reason for the need to conduct

research for developing and testing an automated military cone

penetrometer. Therefore, this chapter will conclude by

shorcomngsassociated with the conventional system.

2.2 TANARDMILITARY CONE PENETROMETER

9 This section presents the components of the standard cone

penetrometer presently being used by the military In the conduct

of trafficability studies. Following this description of the

device, a discussion of the current procedures required In its

* operation will be presented.

2.2.1 Components of The Standard Military Cone penetrometer

The standard military cone penetrometer consists of a

proving ring, a micrometer dial, a handle, a 30 degree right

*circular cone, with a base area of .5 square inches, and an

aluinu saff 19inches long and 5/8 Inch In diameter. Figure

2-1 depicts this device. In addition, this figure shows a 30

degree right circular cone with a base area of .2 square Inches

attached to a 3/8 inch diameter staff which can also be used to

Ud
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conduct soil penetrations. The proving ring dial has a maximum

capacity of 159 pounds which means that cone penetration data up •

to 30 psi can be measured with the S square inch cone and 750

psi with the .2 square inch cone.

2.2.2 Steps In Use of the Standard Military Cone Penetrometer

This section will present the procedures which have been

thoroughly tested and adopted for the use of the standard

military cone penetrometer In measuring soil resistance. Based on

the components of the standard device presented in the previous

paragraph, it is obvious that the operation of this device and •

the measuring of soil resistance must be accomplished manually. N

The shortcomings associated with the current device and to be "'-

presented later in this chapter stem mainly from the way in which

these manual operational steps are conducted. Thus, a clear

understanding of the current procedures followed in operating the

standard cone penetrometer will aid in establishing the need to

conduct the research for the development of the proposed

automated military cone penetrometer.

The steps involved in the operation of the standard proving

ring cone penetrometer system, as presented in TM 5-330, have

been established to accommodate the possibility that there will

be a single operator of the device. These operational steps are 

as fol lows:

-. ^ d l....
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(1) The hands of the operator, palm down and at

approximate right angles, are placed over each other on

the handle.

(2) Force Is slowly applied by the operator causing a

steady downward movement of the device. 00

i
(3) The first reading is taken from the micrometer 0

dial just as the base of the cone becomes flush with

the surface of the soil mass. To accomplish this, the I
operator closely watches the cone as It slowly descends

into the soil mass, and at an instant just before the

base of the cone becomes flush, the operator quickly

shifts attention to the dial face. ,VO

(4) The force causing the slow downward movement of .%

the cone is continued and the operator takes successive %

dial readings at 6 inch depth intervals throughout the S

established critical depth of interest. The TM states _-.

that "the rate of progression recommended Is such that U
four readings (surface, 6, 12, and 18 inch) can be

measured in 15 seconds in a continuous penetration in a

soft soil."

The operator Is allowed to temporarily stop the

penetration after reading two values so as to allow the

readings of cone resistance and corresponding depth to %

V~~~~I .
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be manually recorded. The penetration Is then resumed I
to Insure readings of cone resistance are measured to a 0

critical depth. An assistant could be assigned to the

operator which would facilitate this step by increasing

the speed and accuracy with which these measurements

are accomplished.

It is noted that the military has established critical

depths of interest based on vehicle type and weight. These

depths of interest range from as small as 3 inches to as great as

18 inches (TM 5-330). Research at the Waterways Experiment

Station notes that the critical depth of Interest may be as great

as 24 inches which is in excess of the capability provided by the

addition, the strength of some Solis may require that

Intermediate values of cone resistance be established. The TM ,

allows for these value to be interpolated based on the readings

obtained at the 6 inch intervals. ,

2.3 USE OF THE CONE IN ACCOMPLISHING TRAFFICABILITY STUDIES orI
The basic unit in establishing the trafficability of a soil •If..

as related to military vehicles is the undimensioned quantity

designated as the cone index. The cone index is a value which j.
Indicates the shearing resistance of the soil as it is subjected

to the penetrating cone. This value of cone index is obtained by

V~~~~ %%1%%%
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dividing the force in pounds required to cause the cone to

penetrate the soil by the base area of the cone in square inches AS

thus establishing that this Index, In actuality, has units of

pounds per square inch. The in-situ cone index is read directly

from the micrometer dial gage which is calibrated for either the

.5 or .2 square inch cone and recorded in accordance with the

procedures presented In the previous section. .

In establishing the true strength of a soil, the military 0

does not depend solely upon this value of in-situ cone index. As

stated in TM 5-330, "Since the strength of a soil may Increase or

decrease when loaded or disturbed, remolded tests are necessary

to measure the gain or loss of soil strength to be expected under

traffic" (pg. 9-2). Therefore, the military has developed a

procedure by which to remold the soil and subsequently measure

the remolding cone index of the soil by using the cone

penetrometer. This value of remolding cone index is then

multiplied by the in-situ cone index to establish what is

considered the true capacity of a soil to support sustained 0

vehicle traffic. The true capacity of the soil Is termed the

rating cone index.

The final step in accomplishing trafficability studies is to

compare the soil's rating cone index to the value required for

the military vehicles in question. To accomplish this task the -

military has assigned each class of vehicle a vehicle cone index

value which specifies the minimum soil resistance characteristi ,

required of a soil mass to successfully support S0 passes of a

P %- '. .. .. P J. .
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particular vehicle. These vehicle cone index values are

tabulated for reference in Appendix C of TM 5-330.

The remainder of this section will explain the various

facets involved in obtaining the cone index values needed to

establish a soil's rating cone index and how this index is used 0

to establish the trafficability of a particular area of

operations.

2.3.1 The Remoldins Cone Index

The remolding cone index is the ratio of the remolded cone

index to that of the original cone index of the soil under

Investigation. Both the original and remolded strengths are

determined from cone penetrations conducted in a cylindrical test

sample of the soil. A piston-type soil sampler as shown in S

Figure 2-2 Is used to extract these samples from the soil mass.

The test sample is contained in a steel cylinder 2 inches in %. A

diameter and 8 inches high. The encased sample is mounted on an

aluminum base and then the cone penetrometer is used to measure

the original and remolded strengths of the soil.

The original strength of the sample is measured with the

cone penetrometer by taking five cone index readings commencing

as the base of the cone becomes flush with the surface of the '

soil sample and then at successive one inch depths to a final

depth of four inches. The soil in the sample cylinder is then 0

subjected to 100 repetitions of a 2.5 pound drophammer falling 12

#%J
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is 1

inches to create a remolded sample. A remolding kit as shown in

Figure 2-3 is used to prepare the sample needed for these

penetrations. Following the loading conditions, the remolded

strength of the sample is measured with the cone penetrometer by

taking readings at the same locations as were used in determining

the original cone index. The sum of the five remolded cone index

readings divided by the sum of the five cone index readings .

recorded before remolding establish the remolding cone index of

the soil.

2.3.2 The Ratins Cone Index

P
The rating cone index establishes the strength rating of the .4

soil under investigation when subjected to sustained military .%

traffic conditions. This index is quantified by multiplying the

measured in-situ cone index of the soil mass by the remolding .

cone index of the soil sample. Once the rating cone index of a .A

soil mass is determined, the trafficability of an area of

operations can be established by comparing this index to the

vehicle cone Index of the military vehicles required to traverse

the terrain. If the rating cone index is greater than or equal

to the vehicle cone index of all the military vehicles involved

in an operation, then the soil mass is considered to be %

trafficable and suitable for such a military operation.

IiI
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2.4 NEED FOR AN AUTOMATED MILITARY CONE PENETROMETER

Regardless of the fact that the use of the standard cone /.

penetrometer has proven successful for some 25 years in the

completion of military trafficability studies, there are certain

inherent shortcomings associated with the use of this device in

fulfilling this capacity. The researcher proposes that most of

these shortcomings stem from the mere fact that this manual 1,,

system is archaic and has not been improved since its inception -

in the late 1950's. In addition, current technology and

theoretical research for quasi-static cone penetration testing

indicates that the currently employed interpretation systems do

not fully exploit the cone penetration test capabilities. It may

indeed by possible to extract a considerable amount of soil

resistance data from the test by altering the test equipment

slightly. The purpose of this section will be to present these

shortcomings and establish the basis upon which the need to

conduct the research in developing and testing an automated

military cone penetrometer is founded.

2.4.1 Readins and Recordini Data

The procedural steps presented in sections 2.2 and 2.3

concerning the use of the cone penetrometer in the conduct of

military trafficability studies paint a picture that the overall

technique is extremely labor intensive. Without the aid of an

'~.
S",
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assistant, the operator of the cone penetrometer i-rqNrdt

accomplish many simultaneous tasks to arrive at the proper cone ..

index value. Specifically, the operator must push the cone U

penetrometer, watch the dial gage and be aware of the depth of

penetration all at the same time to Insure that readings are

properly recorded. The recording of this data may mean that the
VO,-

operator remember two to three cone Index values and their

corresponding depths before actually recording them In writing.0

The presence of an assistant facilitates the recording of data;

however, the task Is still labor intensive and extremely

dependent upon the proficient skill of the operator, the

procedures used to conduct the test, and the assistant. In fact,

TM 5-330 states:

"if readings are actually made as little as one-quarter

inch from the proper depth and recorded as being at the

proper depth, an average of such readings will not

accurately reflect the average strength at that depth.S v-
Carelessness In making proper depth determination is

probably the greatest source of error in the use of the

penetrometer."

The accuracy of cone index readings is paramount in the

proper determination of a soil's trafficability and, as stated

above from the TM, the accuracy of these readings is dependent

upon the ability and attention to detail of the particular

Sk
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operator or team. Other details not thoroughly considered in the

TM, such as: (a) rate of penetration, (b) time between cone,

advances, (c) eccentric loading, and (d) disturbance induced by-'.-

the operator In preparing and testing the soil may significantly

effect the derived cone Index values as well. From this

discussion, it Is obvious that human error and operator induced - .

effects art probably the major cause for not being able to

properly record reliable data. Therefore, It the tasks currently

required of the operator are reduced and operator induced testing

effects are taken into account, then the quality and value of the

data should be enhanced.

This need to reduce the possibility of human error and the

potential to extract much more qualitative, data from the cone

penetration test are the major reasons for the development of an

automated system. An automated military cone penetrometer

designed to automatically record the soil resistance and

corresponding depth of penetration data would reduce the numberP%

of tasks currently required of the operator and Insure that thea
0

data Is recorded accurately. Such a system would enable the

operator to only be concerned primarily with the task of pushing

the device and keeping It vertical during a penetration test. In

addition. this reduction of the labor intensive tasks would

Increase the efficiency of the whole operation by reducing the

amount of time required to conduct a penetration test.

-PO -- I.Ij
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2.4.2 Effective Soil Profiling

The concluding discussion of the previous subsection

demonstrated the need for an automated military cone penetrometer

in order to minimize the effects of the operator on the derived

soil condition. A second rationale for the development of the

automated system concerns both quality and use of the data from

the penetration test. 0

As stated in section 2.2.2, TM 5-330 allows for Intermediate

cone index values between the recorded 6 Inch interval values to

be interpolated. The allowance for this interpolation is to
a0

better define the underlying soil conditions. In addition,

Baladi and Rohani (1981) state that military cone index readings

should be obtained usually at 1 inch intervals throughout the

prescribed critical depth of penetration to effectively establish .1.1

the soil profile In the conduct of trafficability studies. They

further state that the maximum critical depth of penetration for

military operations shouild be around 24 inches. Therefore. both S

the military's Technical Manual and the work by Baladi and

Rohani, establish the need to gather soil resistance data in 4,-'

greater detail than is presently required in order to better

define a soil's profile. Furthermore, the recommendations from

these two sources are extremely difficult to utilize and

Incorporate using the conventional system. .:-,

Using the standard proving ring system to obtain a

sufficient number of cone Index readings to meet the above

I • .Ii'I:
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objective would be very time consuming as the amount of manually

recorded data would increase dramatically. Such an increase In

required readings with the standard proving ring device would , %r.P

also increase the possibility of human error as discussed in the ,'. 9A .

previous sub-section. Therefore, the development of an automated

system that is configured to record resistance data at successive

one inch intervals would effectively and efficiently accomplish

the requirement established by Baladi and Rohanl and alleviate

the need for interpolation established by the TM. The beauty of

such an automated system is that it provides an effective and %-A

quick manner in which a continuous soil profile of the soil mass .- '

under investigation can be obtained.

2.5 SUMMARY

This chapter has presented the overall process currently

followed in the conduct of trafficability studies to establish a b

soil's capacity to support military vehicle traffic. It is

proposed that these current procedures and the equipment provided

to accomplish this task are not sufficient to meet the specific

needs of military units on the highly advanced modern 'A-

battlefield. Specifically, the proving ring cone penetrometer S

system Is out of date with current technology in the field of in- .

situ cone penetrometer testing. The military depends on this

antiquated equipment to provide them with the data needed to

0_

Insure trafficability of some of the most technological ly .

.e
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advanced pieces of military equipment in the world, It would be

a shame it the shortcomings noted with this manually operated .

cone penetrometer should hamper the capability of these highly

advanced vehicles to successfully accomplish their mission.

Therefore, this system presents shortcomings which must be

addressed and corrected to insure that the United States Armed

Forces are able to exploit their highly advanced equipment

effectively. 0

In an effort to overcome the shortcomings associated with

the proving ring cone penetrometer, an automated system was

developed and tested in the conduct of this research. The

automated military cone penetrometer was developed based on the

need to improve the effectiveness and efficiency of obtaining

soil resistance data in the conduct of trafficability studies.

The proposed automated system takes advantage of some of the

current technological advancements in the fields of In-situ cone

penetrometer testing and automated data acquisition techniques.

The following chapters in this report will present the

development, design, and testing conducted in establishing the

capabilities of the automated military cone penetrometer.

S'..
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CHAPTER 3 S

AUTOMATED MILITARY CONE PENETROMETER

-

3.1 PURPOSE OF THE AUTOMATED SYSTEM

As mentioned in the previous chapter, the operator of the

standard military cone penetrometer is required to accomplish 4.

many tasks during the performance of cone penetration operations.

The feasibility of such a labor intensive procedure is

questionable; and "hus, the need to relleve the burden of the , p

operator in the data gathering process and to make the overall

cone penetration operation more effective and efficient is "- p

established. Specifically, this means getting more exact data
for geotechnical purposes to identify the soil, its strength

properties, and its performance aspects in traf icability
.5, -'

studies. 0

This need to facilitate the data gathering process led to

the design of the automated system presented in this chapter.

This automated system establishes the means by which an efficient

and feasible data acquisition system can be employed to improve -.

the data gathering process of soil resistance and depth of

penetration involved in cone penetration operations. Thus, the
0

system presented in this research provides a simple mechanism by

which a greater quantity of precise data can be retrieved in a

much shorter time period than previously occurred with the old

; %, ;, ; ...,.;..'.' .')-'),.'/.-.,..... .-...'........5,'. ...-............. y..... .. -.-. ,...... , ..
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system. 
p

Following a discussion of the constraints and performance

requirements which were applied In developing the design of this .

system, a general discussion of the developed automated military

cone penetrometer system will be presented. Subsequent sections

wil l then present the particular aspects of the various

components which make up the automated cone penetrometer system.

The final section will discuss how data is retrieved from the 0

apparatus and utilized for analysis.

3.2 DESIGN PERFORMANCE REQUIREMENTS AND CONSTRAINTS

The automated data acquisition system designed for the

military cone penetrometer was developed with the major objective

being to provide the military with a more effective and feasible

means to conduct cone penetration testing. As noted In Chapter

2, TM 5-330 indicates that one of the major sources of error in

L
cone penetration testing Is the proper annotation of the depth of -_

penetration and the corresponding cone index value. Therefore,

the focal point of the objective in this research was to develop

a procedure by which to eliminate the conventional technique of

annotating data by hand and to replace this technique with an

automated data acquisition system. In establishing this overall .1

objective certain inherent performance requirements and

constraints for the automated military cone penetrometer system

were fostered prior to the apparatus' actual development. -I

The first constraint was that the system should remain

v.~* % %V -" iw1"
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portable and capable of being a one person operation. Therefore,

as many of the components as possible from the conventional

system were utilized without significantly changing the overall

size and weight of the apparatus. One small change was that the

length of the shaft was fixed at 30 inches tc accommodate a 24

inch maximum critical depth of penetration as discussed in

Chapter 2. The major change in establishing a one person

operation scheme was the development of an automated data

acquisition system. This required that a self-contained data

acquisition system be developed which could easily be transported

and attached to automatically gather data. This led to the S

development of the instrumentation package to be further V

discussed in the next section.

Another constraint was the need to provide a data

acquisition system capable of gathering data on soil resistance

which would be compatible with the military's current published

data base utl!ized in establishing a soil's trafficability

, characteristics as discussed in Chapter 2. This detailed that %

the position of the load cell be such that it would model closely

the performance of the proving ring and dial system used in the %A

conventional method. Therefore, the load cell needed to be

positioned between the cone penetrometer handle and shaft. In

addition, the conventional proving ring and micrometer dial

system has a capability of measuring a maximum applied force of

150 pounds thus establishing the need to provide a load cell with

at least equal capacity. A 200 pound load cell was ultimately *-

.k%
4,

%- - , . . * . _ * . * . .% % . % %. -% 'K .% %.. .



* 25

* ~~placed In the automated system. Thsieote ladclwa

based mainly on supply and the need to conduct laboratory testing

where a capacity greater than the 150 pounds may be needed.

Along with the need to obtain soil resistance data was the
requirement to automatically gather the corresponding depth of

penetration. A linear potentiometer or string pot was placed in

the device to provide this capability. The basic constraint on
the potentiometer was the need to obtain data to a minimum depth

of penetration of two feet. The final active length of the wire

* utilized was 27 inches which provides a free play of three inches

for maneuverability and to aid in reducing the likelihood of

damage to the potentiometer by overstretching or breaking the )

wire.

The presence of the potentiometer entailed the requirement

to provide a mechanism by which the wire could be anchored during

testing. The mechanism chosen was that of the toot rest. The ,-W

foot rest not only provides an anchor for the wire of the

potentiometer but also establishes a standard for the operator to

position his feet. The position of the feet during the conduct

of cone penetration testing with this device could be a key

factor In obtaining correct soil resistance values as will te0

further discussed in the results section of the laboratcry

testing program in Chapter 5.

With the means of measuring the soil resistance and depth of

penetration established, the requirement of conditioning and

logging this data was undertaken. This established the need for

%wVo 0, . ~-_
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a data logger. The performance requirements placed on the data

logger were as follows:

- portable and small enough to establish a self-contained

system that could be operated by one person.

- sensitive enough to gather and store soil resistance and %

depth of penetration data at an interval of .25 inches over

a depth of 24 inches at a rate of penetration of 1.2 inches

0
per minute.

- sensitive enough to establish extreme changes in the C!

during penetration testing.
low power drain. S

- capable of storing data from numerous cone penetrations.

The United States Army Corps of Engineers at the Waterways

Experiment Station (WES) in Vicksburg, Mississippi, was in the

process of conducting various experiments where the need to -

utilize a data logger was being undertaken. The experience,

knowledge and ability of the personnel at WES to construct a "

signal conditioning system and utilize a data logger was tapped

to aid In the final design and to provide construction of the %

self-contained instrumentation system snown in Figure 3-1.

The data logger board chosen to provide the brains to the

automated cone penetrometer was the 'Model IV Tattletale Data

Logger' produced by the ONSET Computer Corporation. In general,

the Tattletale is a pocket sized, lightweight, and battery based %r

device with a built-in BASIC operating system for data gathering .,

capabilities (Tattletale, 1987). Further discussion of the

0%0
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particular aspects of the data logger will be presented in

subsequent sections of this chapter. The small size and

tremendous capabilities of the Tattletale enabled the final N

fabrication of the automated data acquisition system to be I

0
successfully completed. '

The completion of the automated data acquisition system

required that the apparatus be functional ly easy to understand

and operate. Therefore, the final step in the design of the

automated system was the concurrent development of the control

board, located on top of box 1, and of the computer program. The V.4

computer program which Is placed in the data logger Is the key

element In establishing simple, efficient and effective control

measures throughout the automated con* penetration operations.

With the completion of the Instrumentation boxes, the control

measures, and the computer program, an automated military cone

penetrometer was developed that facilitates the data acquisition

process of soil trafficability studies in military operations.
0

3.3 GENERAL DESCRIPTION OF THE AUTOMATED CONE PENETROMETER

The automated military cone penetrometer utilizes the same

3/8 Inch steel shaft (except 310 inches In length), cones (.2 and

.S square Inch base area) and handle provided for the standard

cone penetrometer as presented In Chapter 2. The proving ring

and dial have been replaced with two electrically instrumented

boxes. A foot support with washer has been added. Figure 3-2

00
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depicts these components of the automated cone penetrometer

system. It is noted that, based on the design requirements ,*

established by the researcher and as stated In section 3.2.

personnel at the WES designed and constructed the details of thep

electronic instrumentation used in this device.--

The two separately Instrumented boxes are secured tz a...

1 "

common metal Platt forming what is cal led a self-contained .-o

.% p.

instrumented system made of hard plastic which encases a load

call, potentiometer, and data logger with signal conditioning. €

The self-contained Instrumented system measures 7.5 inches in *

length, 6 Inches in width, and 3 Inches in height. These

.i-

componets these c stnents ation provide the moans by which data

for the soil resistance, penetration distance and rate of

penetration are automatically gathered and stored for analysis.

Further discussion of the specific details of these indilvital

ctonic which comprise the data acquisition system wil be.

presented in section 3.i. t tcu

cmAs mentioned above, the self-contalned system consists of

rtwo separate boxes and each serves a specific purpose in the

loperation of the automated milotary cone penetrometer. As I"'?

depicted In Faiure 3-3, the boxes have been numbered for easier

reference in the discussion to fo low. Box 1 consists of a t p

compovntsof operational control knobs and windows which are

"'pforthed byi rhesisaneeeratitrogont ditanpces and raeofe

penetration testing to accomplish specific functions in gathering

and analyznt penetration data. Through the manipulation oftso

% %-
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these controls the operator Is able to communicate with the

computer program in the data logger to specify a desired

function.

Box 2 encases the load coll, potentiometer and power source

required for these two measuring Instruments. Located at the top

of box 2 Is the standard cone penetrometer handle which is

attached to the load cell inside this box. The 30 Inch shaft is

attached to the other end of the load cell at the bottom of box •

2, and the potentiometer string, which protrudes from an opening

in the bottom of this box, Is attached to the foot rest as shown ..'

in Figure 3-A. To complete the configuration of the automated

military cone penetrometer, the washer it placed on the shaft and

the cone of selected size is attached to the end of the shaft.

The washer is placed between the foot rest and the cone to aid in

limiting vertical deflection and thus decrease the possibility of

overstretching or breaking the potentiometer string. Figure 3-5

shows the automated cone penetrometer in the operational mode

with all attachments and components in place. i.,

The specific purpose of the control knobs and the functions

that the automated military cone penetrometer is capable of

performing will be discussed in the following sections of this

chapter. The operational use of the automated cone penetrometer

% in accomplishing the specific functions entailed in cone

penetration testing is presented in Appendix A, "OPERATOR'S

MANUAL". This manual provides a step-by-step procedural outline

for the operator of the automated military cone penetrometer to

<.b 0 -, N - * . % .-
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follow in performing any of the functions available for the

apparatus. The manual was prepared separately to provide ae;

stand-alone reference document for the military operator. 0

3.4 COMPONENTS OF THE AUTOMATED DATA ACQUISITION SYSTEM

This section will discuss each of the major components which

J make up the data acquisition system of the automated military

cone penetrometer. The specific details and features of each of

0

contes compoent willria beopesfoted sprtely.tu ht hrei
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utilization of the extensive data base which already exists tor p

the standard military cone penetrometer in establishing soil

trafficability is overriding at the present time.

A linear potentiometer Is utilized in the automated military

cone penetrometer to electrically measure the depth of

penetration. The wire on this device has an extended length of

speifedreuiemnttoobai dtatoa critical depth of 24S

Inchs duingthe conduct of a penetration test. po

Referin bak t Fiure3-1, the power source requirements

of te lod cel an thepotentiometer located In box 2 are

supplied two common size 9 volt transistor batteries. As shown -

In the figure, these batteries are located in secured slots

within the box. The present apparatus makes no provisions by

which these batteries can be recharged nor switched off

externally. Such a design causes the load cell and the
%."

potentiometer to drain the power source below an acceptable level

within a very short time. Therefore, the researchers at Georgia%%

Tech were continuously having to remove the top of box 2 and

change the batteries every four to six hours to Insure proper

measurements by the load cell and the potentiometer. 7he

location of the batteries inside the box with no provisions of -5%

external control for switching the power oft and for recharging --

them is noted by the researcher as a major shortfall in theS

present design of the apparatus.

%

I
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3.4.2 The Data Logger .

As stated previously, the data logger board chosen to

provide the brains to the automated cone penetrometer was the

'Model IV Tattletale Data Logger' poue yteOSTCmue

Corporation. It is noted that the majority of the information.

concerning the specific details of this device and as presented

in this section are summarized from the Onset Corporation's

reference manual for the Tattletale Data Loggers.

The Model IV Tattletale data logger provides an 8K Random

Access Memory which Is expandable to 512K, an interface of is

digital Input/output lines, an eleven channel analog to digital

converter, hardware for universal asynchronous receiver/

transmitter (UART) operations, and voltage regulation of 7-150

volts Input and 5 volts (+3%) output (Tattletale, 1987). Figure

3-1 shows that the Tattletale is located in box 1 and connected W W
to an interface board designed for the automated military ccrne

* penetrometer by WES.

The Tattletale is configured with connections at six

locations: one at the 9-volt battery connector, one at the 9600

* baud modular connector (UART), and four at locations which0

connect to the Interface board. The Tattletale is connected to

* the interface board which will condition the analog and digital

Vd signals coming in and leaving the board by use of 0.025 Inch

square pins. As shown In Figure 3-6, the Tattletale data logger

consists of 36 connection points divided between the analog,

% I
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digital and serial 0.025 Inch pins, five at the power pin

sockets, six at the UART and two at the connection point for the
g-volt battery.

The eleven channel analog to digital converter on the

Tattletale Possesses a ry bit resolution. The channel numbers

and locations are as depicted in Figure 3-6 and only channel

eleven (AIO) has been preassigned (contains a thermistor) leaving

the other ten analog inputs undedicated. The converter makes S

ratiometric measurements which are relative to the supply voltage

from the interface board. In the automated cone penetrometer

design presented for this research, only channels 0 and 1 were

used. Channel 0 is used for reading the soil resistance in

pounds of force measured by the load cell and channel I is used

for reading the depth of penetration in inches measured by the

linear potentiometer. The instrumentation within the automated %,

, system is configured to amplify and filter the analog inputs from V.

these devices before being attached to the Tattletale converter.

Each of the 16 digital input/output lines on the Tattletale

is available for use as either an input or output depending on

how the logger has been programmed. The Model IV Tattletale's

only requirement is that Pin #4 (D4) be placed In a logic high..

mode at power up to insure that the Tattletale board will turn-

on. An Interface board was designed at the Waterways Experiment ~
Station In Vicksburg, Mississippi, for signal conditioning and

additional Input/output capability by making contact to the 0.0-E'

inch pin strip digital connections shown on Figure 3-6. The

;%,
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specified function of each of the sixteen pns In the current

design of the automated con* penetrometer are as follows: .."

Pin 00: R/S Button,',"

Pin *I: Run/Stop Switch

e_

Pin #2: Liquid Crystal Display (LCD)

Pin #3: Not Used (Set High In Program) ,

Pin 04: Not Used (Set High in Program)

Pin #5: LCD

Pin #6 through 08: Made Selector Input (Multiplex)

Pin #9: Mods Selector Output (Multiplex)

Pin #10 : Lightbulb 0

.. Pin Oi1: LCD

:.:,

=, Pin #12 through #15: Thumbwheel for Area '.

V.-:.

A multiplex ctionf ahn was utilized to provide addctronal

input/output capability of the Mode Serector Switch. This

multiplex is configured to us* pins 6,7 and 8 as inputs and pin 9

as an output to provide thi additional capability in the use of

the Mode Selector Switch.

The UART, modular hardware ha been programmed to run at

960 baud, eight data bits, one stop bit and no parity. The

.RS-232 in oe Sele utpt ( p x modular connector to

Pconnect to the UAT at one end whel the ot her endea h a s a female

, , 2S-pin D-subminiaturo connector" allowing direct connection to an

IBM or comptible computer's serial port for communications'

capability. The drivers for the RS-232 Sre located Inside the

Interface cable thus estableshing what is cl led a TC-s cable by

6tt 0
itbimn
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the ONSET Corporation. Figure 3-7 shows the TC-4 communications' '

cable connections. 0

The Tattletale is configured with a connector to accommodate

a common 9-volt transistor battery. To insure proper operation

of components, the Tattletale Model IV requires 7-15 volts for an 0

input range and 5 volts (+3%) for output. The control box, box ..

1, In the automated con* penetrometer design Is onfigured with .-

an external ON/OFF Switch on the control panel to prevent

excessive drainage of the 9-volt battery supply.

The Tattletale's main power source is the 9-volt battery,

and if this battery is removed or the voltage falls below 6.5

volts then the device will transfer to its lowest power mode. ad

The Tattletale is also configured with an onboard 3-volt CR2032 P

lithium battery which, as stated by the ONSET Corporation, should

maintain the existing program and data in the device for .

approximately six months when the device is operating in the low

power mode. Once the main battery is reconnected the Tattletale

board will automatically restart the program at line 100 due to

internal cinfigurations of the device's ROM. This automatic

restart at line 109 is a very important point which must be a

considered during the development of the computer program. In

addition, it should be noted that if the external switch is

turned OFF and the UART TC-4 cable is left attached to the

:%Tattletale, then the life of the CR2032 lithium battery Is

shortened tremendously. This excessive drainage Is due to the

fact that the drivers for the UART are located in the cable and

;%.,'?-% %
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of the automated military cons penetrometer had a great Influence

on the computer program's development, a short discussion of each

of these controls will be presented in conjunction with the%

discussion concerning the development of the computer program.

The detailed operational use of these controls during actual

automated cone penetration operations is presented in the

"OPERATOR'S MANUAL" located in Appendix A.

The Model IV, Tattletale data logging device, utilizes an

operating system called TattleTale Beginners All-purpose Symbolic

Instruction Code (TTBASIC). This language provides the computer '

programmer with the opportunity to take full advantage of the

simplicity of the BASIC language and the ability to modify it "to

conform to the requirements of a low-power data logger."

(Tattletale, pg.9) In addition to the discussion of the computer '

program's development, this section will also present the special

features of the TTBASIC language utilized in the process. The

computer program which was finally used for the basis of analysis

in this research project is located in Appendix D for reference.

Specific features of the TTBASIC operating system establish

certain aspects of how the computer program Is to be written. N

First, the Tattletale will only communicate with "upper case" for

all aspects of the program except for string constants and

program remarks. Second, the device only supports integer

constants. Therefore, no decimal points, commas or exponential4

constants are allowed. Decimal point values which may arise from

arithmetic operations In a program will automatically be

%* I
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disregarded and not stored. The development of the computer

program for the automated cone penetrometer required that decimal

point values be stored to an accuracy of two decimal places; .

therefore, arithmetic values were manipulated by constants to
0

meet this requirement as shown in lines 93S0 - 9430 of the

program.

The computer program as depicted In Appendix D is separated

Into parts or subroutines to facilitate program development and

editing procedures. The first 99 lines define the variables

utilized throughout the program. As seen in the program, the

Tattletale accepts a wide range of Integer variables represented0

by the capital letters, variable Integer arrays represented by

the "0" symbol, and the "?" symbol for establishing time

variables. Whenever any of these variables are changed, the

Tattletale must be executed from the computer keyboard to Insure

that the program understands the change In variable values. The

execution of the program requires that the operator RUN the

program which causes the Tattletale to start the program from

line I and thus redefine the variables. The reason for executing

the RUN command from the keyboard when the variables are changed

is based the previously noted point that the Tattletale will .

begin all operations beginning at line 100 unless commanded

otherwi se.

The variable designations are immediately followed by the

subroutines, which comprise the main program. These subroutines

are broken down by control measures/modes which have specific

d..4Y
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lines designated to their use for completion of the particular

function that the automated cons penetrometer operator desires.

Following the procedural outline established in the Operator's
Manual for a particular function, the cone penetrometer operator

will cause the computer program to be activated and the specified

*function performed. The following paragraphs will analyze each

of these specific functions in the computer program's listing.

Select Mode: The Mode Selector Switch Is utilized to select

the particular mode of operation which the operator desires to
perform. As depicted In Figure 3-3, this switch is used to

select from one of the following modes of operation: Clear; 1,

.5, or .2 Inch; Calibrate; Mark; Dump. Line 310 executes this
selection and directs the program to lines 500 to 760 which

define the mode that has been chosen by the operator. As shown

in the program, lines 500 to 700 have been developed to
supplement the multiplex, which was discussed previously.

Clear Memory: This function allows data which may be stored
* in the data storage arrays to be cleared from the memory of the

Tattletale prior to further testing. After selecting the Clear0

mode of operation and following the procedures as outlined in the

Operator's Manual for "Clearing the Memory" lines 3000 - 3090%P

will be executed in the computer program. Once this command is0

executed there Is no way to retrieve any data which may have been S,

stored in RAM prior to Its execution.

00
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establish one value of soil resistance which corresponds to a

specific depth of penetration. The average soil resistance data

point is then stored with the corresponding midpoint of the depth

of penetration in the data logger by lines 7000 to 7220 of the

computer program. It Is proposed that the averaging of these

values should provide a more realistic value for soil resistance.

In addition, the computer program utilizes the internal

clock In the Tattletale to store time data points which

correspond to the time at which the average data point is stored%

In the data logger (reference line 5290). Also, the light Isup

turned on during the testing operation at line 5115 and then

turned off to designate successful completion of the testing to

the critical depth at line 5440. This determination of depth is %

provided by the depth of penetration readings which are measured

by the potentiometer and transmitted to the data logger.

NCalibrate: This function Is utilized by the operator of the

cone penetrometer to check the calibration of the automated data

acquisition device which is presently being utilized. The load

cell and potentiometer are calibrated to show a specific binary

digit value In the LCD of the control box. The binary digit

calibration value for the load cell was 2.35 binary per pound

while the potentiometer's calibration binary digit was 23.93

binary per inch In this research. These values were then

multiplied by a constant to keep the decimal point accuracy as Z

seen in lines 70 and 72 for the soil resistance and depth of kI

V ..... , A. % .A % ...-
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penetration, respectively. The operator can check to In~sure that

these binary digits are within tolerance by following thee

procedures a s outI Ined I n the Operator's Manual which execute

line 410 and subsequently lines 6000 - 6070. Any time that the 'r

load cell and potentiometer calibration values change, due to any

maintenance operations on the device or replacement of measuring

devices, then the computer program 0 variables must be redefined

accordingly. In addition, the program must be executed from the

computer to Initialize the new variables as stated previously.

Mark: This function allows the automated cone penetrometer -

operator the ability to "mark" a particular penetration for any

reason. Such a condition may be exemplified by a penetration of

the soil where the cone hits a rock at the 10 inch level and

subsequently the rock breaks due to an increased applied force to

the cone handle thus giving a full range of data over the

critical depth of 24 Inches. The data from such a penetration

may be suspect and would possibly provide erroneous data unless

designated by a Mark. Following the outline In the Operator's e

Manual, the operator causes the data logger to execute line 340

which subsequently executes lines 8000 to 8030. Again, the

computer program utilizes the light located on the control panel

face to Indicate to the operator that this function is being

Dump: In general this function allows the automated

%1 %P, %
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military cone penetrometer oprtrteability to communicate

with the Tattletale data logger. This function provides the -

means by which data Is retrieved after the conduct of penetration

testing and by which the computer program can be edited as

needed. Detailed explanations of the required peripherals to

insure proper communications capability between the Tattletale

and the computer are discussed in the next section on data

retrieval and in the Operator's Manual. Following the procedures

outlined In the Operator's Manual for the Dump mode, the operator

causes line 350 to be executed which subsequently executes lines

9000 to 9770. As seen in the computer program, lines 9000 to

9770 detail how the off-loading of data collected in the data

files is to be accomplished. These lines were written with the

Intention of being able to retrieve data in a column format which

* could subsequently be manipulated for further analysis using an

* electronic spreadsheet such as LOTUS.

Lines 2000 to 2360 are utilized to develop the subroutine%

which executes the LCD. This procedure Is In accordance with the

specifications of the ONSET Corporation's User's Manual for the

Tattletale. Also, lines 800 to 840 establish the position of the

thumbwheel which designates the area which Is being tested. The

purpose for this switch is to provide the operator with a crutch

in sr~cifying work areas when multiple cone penetrations are to

be made at various sites prior to the off-loading of data. The0"e

thumbwheel/Area switch is dapicted on Figure 3-3 and can be

7
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utilized to designate 10} different areas from 0 to 9. The .-

position of the Area switch during penetration testing will be .

presented In the formatted data during the retrieval process.....

%-

3.5 RETRIEVING USABLE DATA 0

,A'-

The requirements for the retrieval of data are broken into

two general categories, that being retrieval and storage of data
durng penetration testin and retrieval of the stored data

fol lowing the completifon of penetration testing. The

requirements for the retrieval and storage of data during the

conduct of penetration tetn eediscussed in the precdin

section concerning the computer program and are procedurally _.

outlined in the Operator's Manual In Appendix A. Therefore, this ,

section will concentrate on discussing the requirements for data i

retrieval from the Tattletale (data logger) at the completion cf

penetration testing.,.

,.- e

3.5. Equipment Requirements

.-..?A.

The Tattletale is capable of communicatin with a wide

variety of computer systems which include the APPLE, IBM, and -

compatible computers which are equipped woth communications'

capablites. For the conduct of this researh, two different

computers were uti rIzed: the IBM standard and the ga1eod"u

%%A

Conductiofle ntratomnitestin' wereiscued inaheo prceding .
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the standard variables, discussed previously in the section

concerning the UART, can be utilized to link the computer to the
Tattletale.. In th ..

Tatleal. n heconduct of this research a communications, e%.

software program called MIRROR was used. The following

paragraphs will discuss the particular atrbtspovddb h

computers and communications' software and how these two devices

P are utilized to retrieve data from the data logger.

Both of the computer systems contained a standard dual

floppy configuration with the IBM standard being equipped to

support a third disk drive that accepts a 3.5 inch disk. The

need for the 3.5 Inch disk drive is twofold. First, an initial

requirement of the automated system was that it be fully capable

of being transported to the fied toIn the motefficient manner

Convertible computer which is easily transported and can e

facilitate the function of retrieving data in the conduct of cone

*penetration operations In a field environment. The convertible

computer utilizes a 3.5 Inch disk; therefore, to take advantage

* of the speed offered by the IBM standard, which utilizes 5.25

inch disks, the external 3.5 inch disk drive was added to

facilitate the evaluation process of retrieved data. Second is

the amount of storage capacity available on a 5.25 versus a 3.5

inch disk for data retrieval. Basically, the 3.5 inch disksI

provide 720k of storage capacity which is twice as large as the

5.25 inch disk which provides 360k of storage capacity.

The only requirement of the communications' software is to

-I%
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insure that the communication variables stated previously for the

UART are placed in a file on a compatible communications,

software disk. The execution of this file in a computer system,

equipped with MODEM capability, provides the operator of the

automated cone penetrometer with a compatible system to I

communicate with the Tattletale data logger.

Physical linkage of the computer to the Tattletale is

accomplished by using the RS-232, TC-4 communications cable, with

the male end attached to the Tattletale data logger and the

female and attached to the computer. Following this physical

connection, the Dump mode is established as stated in the

Operator's manual followed by the execution of the

communication's file. The execution of this file will establish

successful linkage of the computer to the Tattletale data logger. -. .

At this point the operator is able to retrieve the data in the

data logger by following the steps outlined in the Operator's

Manual or to edit the program as needed. The editing of the

program can be accomplished either by use of the TTBASIC -e

operating system, which is relatively the same as the BASIC

language, or to use a special editing program.

3.5.2 Manipulation and Interpretation of Retrieved Data

Once the operator has successfully completed the procedures

as outlined in the Operator's Manual for the retrieval of data,

the data from the penetration tests are automatically stored on a

L

I.6I
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disk In the format as shown in Figure 3-8. The penetration tests %

are numbered and stored sequentially; therefore, tests will be *

listed from left to right with the test furthest to the left

being the first penetration test and the test furthest to the r. -*

right being the last penetration test. The format used to store S

the data allows the data to be easily imported into an electronic '..p

spreadsheet program for manipulation. LOTUS 1.2,3 was used in

the conduct of this research to manipulate the data. The

manipulation of the data by ZOTUS will be discussed in general

terms in the remainder of this section and is procedurally IF

outlined in the Operator's Manual for additional reference.

Before any data is imported utilizing the LOTUS program, a

blank, formatted spreadsheet file as shown in Figure 3-9 is

constructed utilizing the LOTUS program. This file is retrieved

at the initiation of the spreadsheet program and then the data

file created during the Dump sequence is directly imported so Sn
that the columns in the data file line-up accordingly in the

blank formatted spreadsheet file. This stage of data 0

manipulation is depicted in Figure 3-10. The retrieved data file

expresses the soil resistance (force) in pounds and the depth in

positive inches. To facilitate the process of obtaining a cone 0

index, an additional column is required in the spreadsheet to _ %

divide the pounds of force by the base area of the cone to obtain

units in pounds per square inch (CI). In addition, another

column is created enabling the depth of penetration to be V.

multiplied by a negative one to accommodate plotting purposes.

. IF. 
-.

' -P ^ . , . e. %,~ -%
6)t. . . . . .-. % "..r



p~. 0
'4 4

53

Therefore, the initial portion of a completed spreadsheet,

utilizing LOTUS, will resemble Figure 3-11. At this point the

graph commands of LOTUS can be utilized to develop plots of Cone

Index (psi) versus Depth (inches).

The beauty of utilizing LOTUS to manipulate the data, as

presented in the above paragraphs, is that other, more powerful,

graphing and charting software programs accommodate the LOTUS

formatting of data to create graphs and charts. This capability 0

provides the operator of the automated data acquisition device

with the means of increasing the possibilities of comparing sets 4.

of penetration tests directly in one chart or graph. This added S

capability is evident in the graphs presented in Chapters 5 and 6 J,

which were developed using the Microsoft Chart software. 
I

N~~% V %%

%%:

% P .- e 0 fy4L.1f7 k e .

,; i . ,. _ /:,,,. .:.; ;; ;;;; ; . "*¢* ¢ ?. . '.2.I



54 •

I..

-'-

LIFFL,- [,El, -',i A F'RMA I FFCIM TA TLEf[IE -A

.HF:E4= -D: TEsET Pt= 4: AREA= : TEST Pt= " S.

C'NE= ;: h1rl.R. = Li: -- r4L = : Ih = Ii .' a-.

DEPTH LCI, TIME IEF TH L,D TI ME ..

n. ~~ 5 77 d. 23 U.5 C . Ii0 -... "] 50 I.I 9. -- I 2 '. 41 1 1,;
-. 7 1 ..7 -n ...

.:9. 44

C. 4:1: 2 5 ' 5 ' 4' 221.501 ''. O0 C ---. ,:3 1 ' L. L. 23.115 46.
1.79 0.00 .. E175 C.0' 26..C-7
4.11 -.2 44 0. 1 D. 4 0 2'9.,-,
4  

- .15 11.42. .:-)1'

4 -- 2 <.51 64 .51h 42 .-. 1:

C- 1 4 ... ..
_.5 '.. -_,-" li . . ;7
5. 51 1 71 41. 5 2.51 1.2 49.1': --

5. 76 5. 17 79,. 6.6 C . 7" 2 2 5 .,_. -

6. 1j1 5.4 4 .25 r121 7 _, 2"
A -,E. 5. 1 5 . 5

.4. 4. 4 -4 2. 74E.
47 4 ,4 427, .

1 4. t 36 -. 2 5 1 01 4

,. 52 5 . ':- 1 .. T
5.5 7. ii 4 6 6 5-.6 -4Ij.',; 7 p-I "

7 or .1 1. 1 0 0E. • 21. 1 17.5 5. l Il-A5: C 51 l-95 i ., - -. , 1

" -" lt-,7 7 l,F.0 .5.3 19 .23 7 2:.9 '.,7.1JZZ%

7. "7= .. - 2.-.2. 4 ;. :. K 7-. 5.t ' .
=  

.. i.

. ...... -.. . . . . .. ....- 'V V -. ' . _ .- *'

.- 95 1 '. 5 53 .3 .. :. 4 tAA"

7.._~~-1 % .03. .



55

F I G LUFRE 3- 9

BLN:. FCRIMATTED . F'FR -:4 ,H E -Tiol MNI 'U I_TE 
.D A T A F R Ci M I- : N E F E N E T R f T I I N T E ,--. T II : N i,,'

%P

; -'EA MAR,': I C=l: 
. .

1'EFP-H L CiA [.D T IME I ,EFT"H

k':4

EI N O C ON LE P ENEW CI ON ' TE I IN'C3E;

.% 
i'r

A..

C''N=,,, % %=%

Si.'i
DEPTH LAD TIMEI DEPT

(INCHS) uES) wkEC' PSI ( IN: HE

A 2 1 B 1 / .5 4 2 4 1*\ A
,0

'%,J'

.: . ,. _- ...- - ,.,. . .-. , ,, , ,.,..  _, , < ,, , , ; ..... .. , .-,. .- .. .. .,"V-.- %, - " % - - % -."- - . . ... "% %."% . %."w " - "." " ' % -,"% -,% % %., %"% '% % . ,-%.-.% 0%



56 -:-

F 1 uk E 3-10 •

II

F:RIIATTED SFREAD'HEET TO MANIFULATE DATA
FROiM CONE PENETRMTIIN TE'-TIN"-'5,

f...94 4I:.4: I :4 I . 4 +:*t.*f. 4 C # 44 . 1. 99. 44- 94.4:444. 44+I *$. 44 IP

-FREA= C": TEET 4 = :

O- NE=--- : --r, --- - - -= : .'-- - -

EE PTH LOAf TIME C I [,EF TH 0

I INCHES) k L E) SE ) tF"MI) kINCHEc_,'

,:.------------ -------- ----- --- --- --- ---

LI '9.46

.5 42 .7..3
S• 5 . --:5 30. 97

2. _,'=1. 7, 3 74. 4 01. 4.-1 43. ,1. -. 55 51- 5
-5 -7 1. '5--: .

"C 2 =, = 1 S

--.7 ,, . .

-. 51 2.97 5'. 5" ""

3. 76 3. 4 64. (, t
4 . 0 1 Z :'." ,
4.26 4.25 7 2.2"

4.51 3.4 7'.94 .7 6: 5:, 1 .h.
45. 71 5.1 19 19
5 , 1 5.5:3 :-:4.51

5.51 5.95 2.
5.76 5. ';5 . 12 ..

1. 2E'. 1 1 t , C4
5 1 1: 4 .

111 .:- ii.7"9 3""

7"2 6 1 1 16. 1
-27 "7. 19. :-",

-. ~, t1 4.14,. ,. . ,  U . -

-: 2 "7 . C,. 152 2 ,€'. '
:-:. -._ -7 . ,:.--. 3 . I,) /""" .;4'4

U-'.2
...

,. .,y,

9sa'a.% % % %. %. -% % &7.-.. ,



57

V

r.3.4 T 1 E1,'FFPE HLrHEE T w ITH NH-I JIUFLiAT I ti 9%

FFYN tiE EtIETF, I, TE-- TIN6 %'.%
* 4 4 0 4 4 4 4 4 4 4 * * 4 $' '

= A~ TE: =El:.4

I['EPFTH TI!ME I-I L.EF Tr,

-------------------------------------------------------------------

19 4. -

1 -5 3 .' 1 5
Ii ~ 4 7. C

1 
,4,

1. L 4

125----

.. :44 :

4 .l ll l 5# l l l tt l l l t 1i 4t1 l ll6i l

1.76 ,IC.5 . -

D1.7

I I_ .7, ;

140

'1w.:s I e-.: d M F: 4: 0 :7.. -C "I' 44

I) I:1, -: .lli,~

4.1:11. I) i1•5 '. I.1, Ir 1 -4!' ' " '

5.01' { i '1t1 -I S%%

5. 1, i . ,...,,
1 "% -' ,t. i.1" 'ii .- '" - 1

T*.• .• . . i,_
LI127,- ":" 22 1 - 4 ".,

*.2 1. "' - "4- '- - - .2 .. , ,,,

i2 . i' . - .. ,,,
.... 12-. 4-_..,)

.7"':_; . 1 126..?7 4F. L - ' -'.

-- .- _ . -. ' --

., F .. . .. _,A / , 9 .,..

4&t .Z? . ./.25 j7,Wf . P.2 .. &,., 4 . 9. ... s.

4. =. _ , 1 3.4 ~ 7 ,...,, - ... I',-: "

4. 6 .1 9 99 1 2 4 7> .,',",o
:"~~~~ ~~ N.115 t":- A- ,



CHAPTER 4

LABORATORY VALIDATION AND VARIABLE TESTING PROGRAM b.

4.1 PURPOSE OF TESTING PROGRAM

The laboratory validation and variable testing program 7
established for this study has as Its focal point the need to

verify the capability of the automated military cone penetrometer ~

to provide reliable and repeatable results during penetration

testing. Encompassed In this overall objective of the testing

program is the need to Insure that the operational concepts of

the apparatus and the program In the data logger, as presented in 1

Chapter 3, are satisfied. In addition, specific testing

variables: rate of penetration, cone size, and concentrated

surface load effects on cone resistance data; are roughly -~'

analyzed to identify possible modifications for the device and

possible further research topics for analysis. In addition, the

analysis of this program establishes observations on the

sensitivity of the device and the effect of boundary conditions

on penetration data.

The accomplishment of the validation/calibration testing

phase in this program requires that the cone resistance data

obtained with the automated military cone penetrometer be

*compared to the results from previous research efforts. In

addition to a comparison of the various controlled parameters to

%- %rV. V% "4% %0
%*.
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results obtained by researcher publishings in the readily N

available literature, this effort was vastly enhanced by data

available from research conducted at Georgia Tech in the early

19601's. The resulting data from tests conducted by Alexsander B. -

Vesic' were available for the current project. The major reason

for choosing this data as a comparison base is the geometric

similarity between Vesic's cone penetrometer and the automated

military cone penetrometer. In addition, Vesic's data was

developed using a soil which is readily available to the

researcher. Also, the conditions under which Vesic's testing

program were developed are relatively easily modeled under -

laboratory conditions. The aspects of Vesic's work are discussed

in more detail in the following section of this chapter.

Following a synopsis of Vesic's work, the testing program: 

to include soil properties, testing equipment and materials, test

model preparation, and the testing sequence and procedures: will

be presented. Chapter 5 will then present and analyze the

results of the testing program In comparison to Vesic's work and

to relatively recent studies of the variable effects on cone

resistance data.

4.2 VESIC'S TESTS ON CHATTAHOOCHEE RIVER SAND

In the early 1960's, Alexsander B. Vesic' conducted a large

scale testing program designed to analyze the "Bearing Capacity

of Deep Foundations in Sand". These tests were conducted

% %

% %".
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specifically to observe the bearing capacity effects of different_

geometrical shapes of foundations on varying densities of a sand

foundation base and to compare these observations to

corresponding theoretical values. Chattahoochee River sand

provided the foundation base material for these tests and it

exhibited a grain distribution as shown in Figure 4-1 and

physical properties as depicted in Table 4-1. In the conduct of

these tests, one of Vesic's primary concerns dealt with the

placement and the corresponding control of the dry density of to

this sand base.

In placing the sand, Vesic' utilized a raining device which

consisted of a container with a perforated bottom. Sand test

beds of desired densities and elevations were constructed by

feeding the container by means of a conveyor belt hopper and

simultaneously lifting the perforated bottom container to

maintain a specific height above the sample. The theory around

this concept of placing sand is that the density of the sand test

bed being constructed is directly related to "the height of free

% 9
fall of sand as long as other variables (rate of flow) remain the%

*same" (Vesic', 1963). Figure 4-2 depicts the relationship

* between the density of sand and the height of fall as established

by Vesic' In the conduct of these tests. These tests

demonstrated that uniform test samples of loose and medium sand

densities, where the relative density Is less than 70, could be

*constructed following the procedures discussed above and

utilizing the relationships established In Figure 4-2. However,

.

J.5
%~~~~ % %% %.



61

Table 4-1 Physical Properties of Chattahoochee River Sand S
As Used by Vesic' (Domaschuk, 1965)

Specific Gravity 2.66 0-%

Maximum Void Ratio 1.10

Minimum Void Ratio 0.61

Coefficient of Uniformity 2.0

SAND S

COARSE MEDIUM FINE

8C

0 . . 4,,

4C4

20

20.

PARTICLE SIZE IN MILLIMETERS .

Figure4-] Grain-Size Distribution for Chattahoochee Sand.,,m
As Used By Vesic' (Domaschuk, 1965)
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Figure 4-2 Relative Density of Sand as Function of Height of Fall. kI

(From Vesic, 1963)
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the construction of sand test samples with relative densitiesS

greater than 70 required that the sand be rained from a height of ~

30 inches through the perforated bottom container in 4 Inch thick

lifts. These lifts of sand were then subjected to surface

vibrations to establish uniform dense samples.

Veic wsthe need to insure that the fonainsn aets
i

subsequently establish the density of the constructed test model

sand bases, Vesic' utilized what he called "a simple static-cone

micropenetrometer" to establish a correlation between dry density -

of sand and cone resistance. This device had a base cone

diameter of .5 inches and a shaft casing diameter of 3/8 inches.

The device measures a total resistance, combining both point

bearing and skin resistances. The geometric and resistance

measuring characteristics of this device are the same as those of

the automated military cone penetrometer.

To establish the relationship between the cone resistance

values and the corresponding sand density with depth. Vesic'

conducted a separate laboratory testing series using the

micropenetrometer. This test series utilized a 24 x 16 x 60 inch '
box which was placed upon a set of scales and then filled in the

same manner as previously discussed for the construction of the "..

sand foundation base. The known volume along with the

corresponding weight as measured by the scales established the

.. ' %
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unit weight of the material. The micropenetrometer was then

pushed into th, sand test bed by use of a screw Jack at a rate of

4 inches per minute to establish the relationship between the I.

sand's dry unit weight and cone resistance (cone index) as is

depicted In Figure 4-3. This plot of cone resistance versus

depth was then utilized by Vesic' to verify the uniformity and .1

density of the sand foundation base test models.

Figure 4-3 provides data which demonstrates key aspects of

the cone resistance relative to the sand's dry density and depth

of penetration. In general, the cone resistance value increases

with increasing penetration depth. Specifically, at any given S

dry sand density, the cone resistance appears to increase rapidly

in the upper portion of the soil strata followed by a gradual I
increase with depth. Vesic's data, as presented in the figure.

provides a clear picture of what the cone resistances at dry -e

densities in the range of 83 to 97 pounds per cubic foot are ,.19.0 P-

expected to be to a depth of 50 inches. In addition, similar

recent works by Baldi, et.al. (1981) have further confirmed that

the relationship between cone resistance and relative density of :9
a sand does qualitatively exist. Baldi's work established this

relationship for medium-coarse overly consolidated and normally

consolidated sands in both dry and saturated conditions. '

A key question at this point concerns the absence of data

for the anticipated cone resistance values with depth over the

full ra-ge of relative densities for Vesic's Chattahoochee River e.

sand. As depicted in Figure 4-2, the data covers a range of dry

N .'
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densities from 83 to 97 pounds per cubic foot; however, as

established in Table 4-1 and Figure 4-2, the minimum and maximum 0

dry densities occur around 79 and 102.5 pounds per cubic foot,

respectively. Therefore, the cone resistance values with depth

must be interpolated for any value of dry density less than 83

and greater than 97 pounds per cubic foot. Because of the

apparent consistency of all of the curves, presented by Vesic',

this is not anticipated to be of great hardship. Unfortunately.
0

the point that these plots of data are so smooth over the range

of dry densities will prove to be a questionable trait in itself. P

This aspect will be further discussed in the section which

compares Vesic's data to that observed with the automated

military cone penetrometer.

4.3 THE VALIDATION AND VARIABLE TESTING PROGRAM

The testing program developed for the validation/calibraticn

of the automated military cone penetrometer follows the basic

concept established by Vesic' in the formulation of Figure 4-3.

Specifically, the program establishes the means by which the cone

resistance data obtained with the automated military cone

penetrometer over various loose, medium, and dense dry densities J

of a Chattahoochee River sand can be compared to the data in

Figure 4-3. Six series of tests, delineated by the dry density

of the sample, were conducted with at least two series within

each of the three general states of density. In total, this

% % % %
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testing program consisted of thirty individual tests spread among S

the six series. Each individual test is differentiated from

another based on the testing sample's dry density and the change

)Sin the testing variables. As stated In the introduction to this % i

chapter, the testing variables which were roughly analyzed are

the rate of penetration, cone size, and confining pressure. The

boundary effect and the sensitivity of the device were indirectly

scrutinized within the sequence of each of these variable tests.

The boundary effects concern the location of a particular

penetration within the testing chamber. The sensitivity of the

device concerns the precision to which the computer program in

the data logger and the automated system as a whole can

effectively distinguish data over varying conditions.

Throughout the validation and variable testing program the S

physical properties of the test sand, the equipment used, and the

procedures followed in sample preparation and penetration testing J.4.

are nearly identical to that of Vesic'. The following sub- 0

sections will present the particular equipment, materials, and %

procedural sequence parameters utilized in the conduct of this %

testing program. Variances in any of these parameters to that

used by Vesic' will be noted. Following the discussion of these

parameters, the analysis of the results will be presented in

Chapter 5.

e .P'0
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4.3.1 The Cone Penetrometer

The automated military cone penetrometer. as presented in U
Chapter 3, is the basic instrument used in the conduct of this

testing program. This basic system consists of all the

components of the automated data acquisition system, a .5 inch

diameter 30 degree cone (.2 square inch base area), and a 3/8

inch steel shaft. The data acquisition system measures total ,

resistance (Base + Skin) and depth, storing average data every

.25 inches over a two foot depth. The geometric configuration of

the cone and rod is nearly identical to that utilized by Vesic' S

in the conduct of his tests. .

The only substantial variance in the penetrometer of this

program to that of Vesic's occurs in the depth of penetration and

the automated data acquisition capabilities. The variance in

the depth of penetration is based on the fact that the automated 44
military cone penetrometer is set-up to measure over a critical S

depth of 24 inches, whereas Vesic's test data is established to a
%%;

depth of 50 inches. This variance should have no affect upon the .,%

results and conclusions which are to be presented in the analysis

section. An additional variance to Vesic' tests involves the use

of the .5 square inch 30 degree cone in the current efforts tc

provide analyses on the effect of cone size on soil resistance.

T
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4.3.2 The Sand's Physical Properties

The sand utilized in the conduct of this testing program was

taken from the Chattahoochee River and is considered to be very

similar to that used by Vesic'. The physical properties and the

grain-size distribution of this Chattahoochee River sand are %

presented in Table 4-2 and Figure 4-4, respectively. In

addition, the data pertaining to the physical properties of the

sand utilized by Vesic' had been incorporated into Table 4.2 to

facilitate the comparison of properties.

From the data in both Table 4-2 and Figure 4-4 it is obvious

that the sands from the two separate tests are very similar. The

largest variance seems to be in the determination of the minimum

void ratio and the maximum dry density. This variance did not S

seem to affect the results which will follow In the analysis

section; therefore, the difference can possibly be attributed to

the procedural technique utilized In determining these properties

and the equipment available to the user.

TABLE 4-2 PHYSICAL PROPERTIES OF THE CHATTAHOOCHEE RIVER SAND

PROPERTIES : CURRENT TESTING PROGRAM : VESIC' TESTING :

:SPECIFIC GRAVITY : 2.66 2.66 *

*-------------------------------------------------------------------!MAXIMUM VOID RATIO : 1.13 1.1.

--------------------------------------------------------------MINIMUM VOID RATIO .71 .615 :-,:

------------------------------------- -----------------

:MAXIMUM DRY DENSITY: 97.12 pcf 102.5 pcf
-------------------------------------------------------------------- %J* + . . . . . . . . . ' ',*~

MINIMUM DRY DENSITY: 78.11 pcf 79.0 pcf .

----------------- --- ---- --- --- ---- --- --- ---- --- ---
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4.3.3 The Testing Chamber

A circular drum with a diameter of 22.25 inches and a height

of 34 Inches was used as the testing chamber In this exercise.

As stated previously, Vesic' utilized a box with the following

dimensions thttetsigcabrsutilized in these two

testing programs are not Identical; however, when comparison of

the diameter ratio's for the two testing programs is made, the

variance in dimensions are not considered to adversely affect the

capability of the researcher to compare testing data. In "Iaddition, It will be demonstrated that the facility utilized In

the present study is superior to that used by Vesic'.

The diameter ratio is calculated by dividing the diameter

of a circular testing chamber by the diameter of the cone beirg%

used In a penetration. In the rectangular chamber used by

Vesic', a critical diameter ratio is determined by dividing the

smallest horizontal dimension of the rectangular box by the

diameter of the cone being used In a penetration. Such a

calculation demonstrates that in actuality the diameter ratio is

providing an Insight to the effect boundary conditions and

adjacent cone penetrations have upon a particular cone

penetration. The rigidity of the boundary, the smoothness of the

boundary, and the proximity of the boundary to the penetrating

cone play a key role In the data one would expect to obtain.

This is particularly true for granular soils In the dense state

~%
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where a larger diameter ratio is considered to provide a more ,-.

realistic view of real world boundary conditions.(Parkin and %%

Holden, 1980) For a more detailed discussion on this topic of

diameter ratios and the effect of boundary conditions on

penetration testing, one is referred to Parkin and Holden (1980).

Assuming that both of the given containers are rigid and

fairly rough sided, the critical diameter ratios are as follows:

Vesic's testing program had a 32; the current testing program has 0

44.5 for the .2 square inch cone and 27.89 for the .5 square inch

cone. Remember, the .2 square inch cone is the basis by which

data will be compared to Vesic' and the .5 square inch cone is a S

variable in the current testing program.
N..

4.3.4 Sample Preparation and Dry Density Determination

Specific support equipment is required for sample

preparation. Samples are formed using sand raining methods

established by Vesic' and as described by Marcuson and -

Bieganousky (1976). The equipment consists of a sand

'%
reservoir/dispenser and a raining device hopper with perforations

in the bottom formed by a series of screens. This equipment is

pictured in Figures 4-5 and 4-6. The sand reservoir/dispenser is

a circular drum of the same dimensions as the testing chamber and

with modifications to allow the dispensing of sand from the

bottom of the reservoir. This modification consists of a welded

pipe assembly with a sliding valve which allows the flow of sand

%A"I
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to be started and stopped through the attached three In 2h

flexible hose. The hopper provides the support for the series of 0

screens located at the bottom of the metal portion of the hopper

and is approximately 22 inches in diameter thus allowing it to

fit inside the testing chamber. A rubberized guide sleeve is

attached to the hopper and extends 30 Inches from the screens to

facilitate the raining sequence In the formation of medium

density samples.

Loose density sand samples are formed by raising the sand

reservoir above the testing chamber, opening the flow control

valve, and raining the sand from an effective height of zero
0

through the flexible hose into the testing chamber. This method

produces repeatable loose density states of moderate uniformity.i

Medium density preparation Is accomplished by raising the

sand reservoir above the testing chamber, opening the valve to

allow the flow of sand through the flexible hose, and dropping

the sand Into the hopper and through the screen system into the

testing chamber. Sample densities and uniformity are controlled

by the height of fall of the sand and the opening size within the

screen system. Since the opening size Is constant, the height of

the screen system above the top of the sample must be maintained

throughout the raining process to establish consistent andA

uniform medium dense samples. For the equipment specifically

noted In this program, the raining process exhibits a critical 0

height above which there is negligible increase In the density of

a sample. The maximum dry density achievable with this technique %N

0

-V a a-
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approximately 88 pcf and Is attainable at a critical height of 24 .

Inches. The height of the screens above the sample is maintained r

by attaching the hopper to the ram of the loading frame as shown

in Figure 4.5 and lifting the hopper as sand is dropped through

the screens. Once the metal portion of the hopper has cleared

the top of the testing chamber, the rubberized extension on the
0

hopper acts as a guide for the raining sand.

As stated above, the equipment utilized in the raining

process only achieves a maximum dry density in the medium dense

state. Therefore, to form testing samples in the dense state

requires that modifications to this process be Implemented.

Dense samples are formed by raining the sand into the testing

chamber from a height of 24 to 30 Inches In 6 inch lifts. Then

each lift Is tamped with a 10 pound weight from a height of 8

Inches for 10 repetitions. Initially, It was surmised that this

technique would possibly build In unwanted horizontal stress

effects which would cause data comparison with that of Vesic' to

be unacceptable; however, as will be presented In the analysis

section, the results do not appear to be overly affected.

* Undoubtedly some over consolidation affects that are beyond the

scope of the present study.

The key factor in the similarity between this testing

program's sample preparation and that of Vesic' occurs in the

determination of the sample's dry density. This testing program

utilized a set of scales as shown in Figure 4-7 to establish the

quantity of sand which had been placed in the testing chamber of

,.*..-
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known volume. This technique allows the determination of a s

particular sand sample's average dry unit weight which is used in

comparing results to that of Vesic'. As stated in section 4.2,

the use of scales to determine the weight of sand placed In a

known volume Is the same process used by Vesic'. %.

4.3.5 The Testing Sequence and Procedures

The testing procedure for a given dry density of sand is

conducted in three stages: (1) sample preparation and density
.r%

determination, (2) penetration of the sample with the automated

0S
cone penetrometer, and (3) downloading of the penetration data z

'--

from the Tattletale data logger and analysis of the reduced data.

The following paragraphs will list and discuss the steps

associated with each of these stages.

densty n te tstin chmbe. Tis i acompishd b
The first stage consists of forming a sample of known

densityin the stestig cabr:hs i copihd b

(a) Attach the manufactured 'Cone Penetrometer Securing Frame"

to the ram of the loading frame. The securing frame provides theJ

means by which the raining device hopper Is attached to the ram0

* (see Figure 4-6) and by which the automated cone penetrometer is

*secured during test penetration. Figure 4-8 provides a picture0

of the securing frame while Figure 4-9 shows the frame attached

to the ram and securing the automated military cone penetrometer.

d.el

%a
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FIGURE 4-8

SECUR'NG FRAME WITH INSTRUMENTED BOXES

FIGURE 4-9

SECURING FRAME ATTACHED TO LOADING MACHINE
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(b) Center the testing chamber on the base of the loading frame.

(c) Determine the weight of the sand In the reservoir.

(d) Select the density (loose, medium, or dense) of sand desired

and prepare the sample in accordance with section 4.3.4. In

general this entails that loose samples be rained from an

effective height of zero directly from the flexible hose. The

medium and dense samples require that the raining device be

attached to the ram of the loading frame and that the sand be

dropped Into the hopper while maintaining a critical height of at

least 24 Inches. Dense samples then require tamping with a 10

pound weight In 6 inch lifts. The samples are constructed to a

height of one Inch below the top of the testing chamber.

(e) Remove the raining device and carefully level the top of the

sample by hand to establish a smooth testing surface. It is

important that the testing chamber not be jarred or disturbed by S

any action other than the penetrating cone throughout the

remainder of these procedures. Sample disturbance will cause a VN

change in the sample's density and, thus, possibly affect the

final results.

(f) Determine the weight of the sand remaining in the reservoir -

and subtract this quantity from the weight determined In step (c)

to establish the weight and dry unit weight of the sample.

%

% % N %% % %
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(g) Establish locations for cone penetrations as discussed In

section 4.3.3 for the particular cone and sand density. The key

factor in this step Is to maximize the number of cone

penetrations conducted in a given testing sample with minimum

Influence of test results measured by subsequent penetrations. .

Cone penetrations are separated from the testing chamber sides

and other penetrations by a minimum of five Inches for the loose

and medium density samples while a minimum separation of eight

* ~Inches is specified for the dense samples. These separation I

values were established during the course of this study and found

to provide reliable data in comparison to the results as

established by Vesic'.

Once the sample Is formed and the penetration locations

established and marked, the penetration of the sample with the

.5,* automated cone penetrometer is conducted in accordance with thea

(a) Attach the automated military cone penetrometer's control

and loading boxes to the ram of the loading frame by sliding theU

handle into the guide wells of the securing frame as shown in

Figure 4-9. I%N

(b) Attach the shaft, foot rest, washer, and cone to the loading

box as described In Chapter 3 and In the Operator's Manual.P.0

-eAttach the potentiometer string to the foot rest. Align the

% % 1% %~ev0 % A- -lI
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components so that cone penetration is made at the specified P'

locations. Five pound weights are gently placed on each side ofa

the foot rest to secure this component and establish the datum

for the potentiometer. Figure 4-10 shows the assembled cone

testing apparatus and support equipment ready for a test advance.

(c) Follow the steps in the Operator's Manual to set-up the

automated military cone penetrometer for the process of gathering

penetration data.

(d) Establish the rate of penetration by setting the loading

frame controls to a previously determined rate. This stepU

requires that the given loading frame be previously calibrated to

determine the necessary settings needed to establish the 4, 6,

and 8 inches per minute rates used in this testing program. TheU

rate of 4 inches per minute Is the same as that used by Vesic'

while the 6 and 8 inches per minute rates are additional

variables established for this particular testing program.I

(e) Conduct the cone penetration by placing the loading frame

* ~controls In the lodposition. During the penetration,auoti '

cone resistance and depth of penetration data are stored in the

Tattletale data logger. Figure 4-11 shows the loading frame,

prepared sample, and automated military cone penetrometer inN%

place prior to the conduct of a test advance.

Once all of the locations in the prepared testing sample
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have been penetrated, the collected data Is ready to be

dowanloaded from the Tattletale data logger. The steps in this

stage are presented In the Operator's Manual and Chapter 3 and

will not be repeated in this section. However, the aspect of how

many tests can be gathered and retrieved from the data logger at

any given time needs further discussion at this point. This

testing program utilizes the LOTUS electronic spreadsheet program

to analyze the raw data retrieved from the data logger. The use

of the LOTUS program requires that data files be imported into

spreadsheet format. The data files of the automated military

cane penetrometer are configured such that the maximum number of

* tests which can be imported into a spreadsheet is limited to

five. Therefore, testing sessions with greater than five

penetrations require that the single data file created in the

downloading/retrieving of data stage be divided into several

smaller tiles with a limiting size of five tests per tile. This

step allows each of the newly created tiles to be successfully

imported to the LOTUS spreadsheet. To accomplish this additional

step, an editing file program is required. This testing programN

utilized an editing program called "Brief Editor" to accomplish

this data file dividing step once the data had been transferred A

to a floppy disk.

Once the spreadsheet files have been created, the test data

Is ready to be analyzed. The spreadsheets established in the

above testing stage provide the means by which plots of cone

resistance/index versus depth of penetration data can be

%'N
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constructed, by either using the graphic's capability of the

LOTUS program or of other graphics software which allow the data

from LOTUS spreadsheets to be imported (such as MICROSOFT CHART).

Utilizing the capabilities of the MICROSOFT CHART software, plots

of the cone index versus depth of penetration are constructed to

provide the means by which the analysis of this testing program

Is presented In the following chapter.
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CHAPTER 5

LABORATORY TESTING RESULTS AND ANALYSIS a
5.1 INTRODUCTION

As presented in Chapter 4, the validation and variabl

testing program consists of various individual tests conducted

within six different testing series. The differentiating factor

between series are the testing sample densities while the tests

within a given series are differentiated by the change in

variables. Each of the individual tests within a given test

series for the testing program is numbered (using sequential

numbering for a given date) and summarized in Table 5-1. Each of

the series of tests in the table are separated by a double line

which indicates that a new testing sample was constructed with a 0

different density. The table lists the series of test in the

order of loose, medium, and dense states, respectively. Changes

in the variables of cone size, rate of penetration, and S

concentrated surface loads (total pounds applied to each side of

the foot rest) are specifically presented for each Individual ....o
test. In addition, the remarks column indicates the location of 1
penetration and in some cases states that the data for a

particular test was lost. The reason for the lost data in tests

5-19 and 5-21 is based on the fact that the data was not properly

set-up and transferred to the LOTUS computer program by the

%. .% % % % % " . .



TABLE 5-1 SUMMARY OF VALIDATION TESTS 8. '

LOOSE STATE

TEST # 1 DENSITY,pcf I CONE SIZE, IN : RATE lCONFINEMENT : REMARKS i

1-19 82.7 .2 141n/min i 5 POUNDS CENTER ,,.,

2-_19 1 6in/min: " :FRONT CENTER ,.,

3-19 ; " "18in/min l :BACK CENTER

4-19 : 41n/min : ! RIGHT CENTER

5-19 1 65 POUNDS DATA LOST

11-29 80.8 .2 I 5 POUNDS !RIGHT CEN

12-29 .: •5 1 LEFT CENTER
• It 114.

15-29 TABLE - S O A 110 POUNDS : LEFT-BACK

16-2 9 " .5 : " RIGHT-FRONT== • t

MEDIUM STATE

-------------------.------------------ +-------------+-----------------------+----------------------
1-1 : 87 I .2 141n/minl 5 POUNDS I ETCENTER

2-01 : ""in/min : RIGHT CENTER:

* -------------------------------------- +-------------+-----------------------+-----------------------

3-01 1 " 1 " 4in/min" : BACK CENTER

* --.------------------------------------ +-------------+-----------------------+-------------------

4-01 1 .... l FRONT CENTER "

1-21 86.1 I l41n/min 5 POUNDS I CENTER O

2-21 .0 1 2 .. PN :RIGHT CENTER

* -- 4------------------------------------+-------------+----------------------------------------------

-21 " ... : LEFT CENTER

* -- 4------------------------------------+-------------+---------------------------------------------

4-21 1 1 .2 1 RT : BACK CENTER

* --.------------------------------------ +-------------+-----------------------+-------------------

5-21 : I." 65 POUNDS DATA LOST

%--4-----f ---%----'--------------------------------------------%--------------
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0

TABLE 5-1 SUMMARY OF VALIDATION TESTS CONTINUED

DENSE STATE •

TEST * I DENSITYpcf I CONE SIZEIN I RATE !CONFINEMENT 2 REMARKS

1-29 2 96.4 1 .2 141n/mint 5 POUNDS IRIGHT CENTER

-- -------------- 4------------------------------------+---------------------- .4----------------------

12-29 ' " " "LEFT CENTER

3-29 I °BACK CENTER
*-------4------------------------- -- - - - - -- - - - - - -- - - - - - -- - - - - -
4-29 2 " I 2 FRONT CENTER ,

*--------4-------------4----------------------------4------------ -+-----------------------------

5-29 I --------- 110 POUNDS CENTER

6-29 2 95.9 .2 141n/min: 5 POUNDS LEFT CENTER
-------------------- 4-----------------+------------+----------------------+----------------------
7-29 l " 1"8in/mini " RIGHT CENTER ,

8-29 + H + .5 141n/min: I BACK CENTER CENTE
--------------------------------------------------------------------------

9-29 1 '° I " 18in/min: " FRONT CENTER

--------------------- 4.-- -- 4.-----------------------4--------------------

1 10-29 : of .2 1 ----- 1 110 POUNDS : CENTER

'%'

%~~ %%%% %

%i eiS



88

researcher; it is not related to a fault of the automated system

as presented in Chapter 3 or the "Operator's Manual", but

demonstrates that attention to test detail Is Important.

In presenting the results for analysis, two basic types of

dat plts re sed Fist, the data for a given series is

presented In a semi-log plot of cone index versus depth which

provides comparison capability to the data presented by Vesic' in

Figure 4-3. Secondly, the data Is presented In an arithmetic

plot of cone index versus depth which provides detailed

comparison between individual tests utilizing the changing

variables. Plots of any results not presented In this chapter

are located In Appendix B for further reference. The following

sections will discuss the results obtained during this testing

program. Initially, the results from all of the different

density samples will be compared to Vesic's data. The analysis%

will then concentrate on each of the test variables: rate of

penetration, cone size, and concentrated surface load effects, by

presenting and discussing the results as they relate to the

changes in these variables and to published studies which deal

with these variables. The concluding section will roughly

compare the results obtained in this testing program to the soil

resistance values obtained using the WES Analytical Model%

developed by Baladi and Rohani (1981).

0 -. 0
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5.2 COMPARISON TO VESIC'S DATA

The data from this testing program is in excellent agreement I
with the results established by Vesic' in Figure 4-3. Figures 5-

1, 5-2, and 5-3 for loose; Figures 5-4 and 5-5 for medium; and

Figures 5-6 and 5-7 for dense samples present the results of the

data obtained in the validation testing program. The •

corresponding data from Vesic's work for a given dry density is ,,

superimposed on these plots to establish the means by which

comparison analyses of the data is accomplished. From these

plots it is concluded that the automated military cone

penetrometer provides penetration data which is almost identical

to that established by Vesic' for a given dry density of

Chattahoochee River sand. In addition, it is concluded that the

data acquisition system explained in Chapter 3 works properly and

can thus be utilized to perform additional analyses based on the

.- .%

accredited work performed by Vesic' and others•.'-L

5.2.1 Smoothness of Fit

In general, these figures demonstrate that cone resistance

increases with depth and that the magnitude of increase is

greater in the initial part of a sounding while tending to level

off at a critical depth. This representation is in full

agreement with that of Vesic'. However, there does appear to be

a fine point discrepancy in the test data from these two tests. 57 %i

W)
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This point deals with the smoothness of the curves established by

VeIn' Figure 4-3, Vesic' has depicted the relationship that the

cuvsfor cone resistance/index versus depth for all dry

densities of teChattahoochee River sand are very smooth. The

validation testing program did not find this to be the case In

al fthe tests conducted. The results from the validation

tesingprogram demonstrate that at the higher dry densities the

cuvsare expected to be relatively smooth; however, at the

lower densities this would not be the expected case (Reference

Figures 5-6 and 5-1, respectively). The reasons for the

Inconsistency In data between Vesic's test data and the data from

this testing program stems from four possible areas: (1) non- 4

uniform testing samples, (2) sensitivity of the measuring device,NV

(3) the distortion of results by plotting on a semi-log curve,

and (4) development of the best fit curve. Most likely the

ultimate reason Is related to a combination of all four factors

as presented In the subsequent sections.

5.2.2 Non-uniform Density Samples

Changes of density states within a testing sample would be

expected to exhibit corresponding changes in the cone indexk!

value. The plots for this validation testing program do

demonstrate that the preparation of non-uniform dry density

testing samples could possibly have caused the erratic

VA
% % % % % %
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penetration traces. Work by Marcuson and Bleganousky (1976)

demonstrates that It Is difficult to achieve perfectly uniform

density throughout a testing sample while utilizing the sample

preparation techniques of this validation program and that used S

by Vesic'. Based on this observation, the sensitivity of the

device measuring the cone index must be considered.

0

5.2.3 Sensitivity of the Device

The degree of non-uniformity in the data that will appear in I
the penetration traces is directly dependent upon the sensitivity %.y

of the measuring device. This point Is especially true in theof %h

more loose density states which entail that the sensitivity of %
0

the measuring device be great enough to establish the slightest %

shift in resistance. The automated military cone penetrometer's I
200 pound load cell exhibits a sensitivity of approximately

0.213%. Specifically, this sensitivity means that the cone index %

value which is stored in the data logger will change only when

there is a total change in resistance measured of 0.426 pounds.

This corresponds to a sensitivity of cone index of 2.13 psi for ,

the .2 square inch cone and 0.852 psi for the .5 square inch 'U
cone. The sensitivity of the automated military cone

v penetrometer could be increased by using a smaller load cell 5

which would enable more precise data to be gathered in the lower

density states of the test sand. Thus, the sensitivity of the

device establishes the reason for the straight lines and Jumps in

del% Z % ,-.--vz , I
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resistance data for the loose samples. 0

5.2.4 Plotting Technique '%

Another reason for the apparent Inconsistency in smoothness

of the data deals with the fact that these plots are presented on

a semi-log scale. Such a plotting technique could tend to 0

distort the magnitude of the actual results. The scale of this

plot Is such that variance in penetration resistance data with

depth at the lower densities appears to be greater than the data

at the higher densities when in actuality the opposite is true.

Because of this fact, a slight Inconsistency In the density of

the testing sample and therefore the cone index value at the

lower dry densities will be magnified by this plotting technique

while a similar change would be practically unnoticeable in the

higher densities.

5.2.5 Best Fit Curve _

Finally, the validation testing program data plots

demonstrate that the penetration traces are erratic with the A

degree of variance decreasing with Increasing dry density. From

the literature review, this erratic behavior in the penetration ,c.d

traces of dry sands is to be expected (Parkin and Lunn@. 1982). ,
eN

The scale of plotting these values could have some effect on the

magnitude of erratic behavior in soil resistance. However, the 5
% %

% _% _%'~ _% A -A J% % :*. <
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data presented by Vesic' does not exhibit any erratic behavior.

SI.
Thus, it Is speculated that the data in Figure 4-3 possibly

exhibits an average value for the cone resistance values over a

given depth depicted with the best fit semi-log plot for the

respective dry densities of Chattahoochee River sand.

However, the inconsistency In smoothness of the plots for

the present program is considered to be negligible In comparison

to Vesic's data; therefore, the automated military cone

penetrometer exhibits the ability to provide reliable and

repeatable results In cone index determinations. Therefore, the

plots from this validation testing program have qualitatively

confirmed that the relationship between cone resistance and

relative density of a dry sand does exist as established by

Vesic' and reconfirmed by other works as discussed in section 4.2

of the previous chapter.

5.3 RATE OF PENETRATION EFFECTS

TM 5-330 states that the rate of penetration, either between

operators or among penetrations In a specific soil type, should

have no appreciable effect upon the measure of soil resistance or

cone index. The manual also states that the preferred rate of

penetration for the conventional penetrometer should be such that

the operator is able to manually read four cone index values over '.

a depth of 18 inches within 15 seconds in a soft soil. In

addition, as stated in Chapter 2, the operator can stop pushing

.% % %,,
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the cone in conventional penetration testing to facilitate the

recording of cone index values. Based on literature review ofworks conducted by Kamp (1982) Poskitt (1982), Turnage (1970),and Kok (1974), the rate of penetration has been shown to effect

the results of penetration testing In soils. Therefore, a study

of the effects this variable may have upon cone index measured by % '

the automated military cone penetrometer was undertaken.

The works by Kamp and Kok dealt primarily with sandy soils

while the testing conducted by Turnage and Poskitt dealt

primarily with fine grained soils. All of the works, except that

by Turnage, used a penetrometer by which the values of both cone

and sleeve resistances could be obtained during a given sounding.

In general, the conclusions of all these works show that the

relationship between the rate of penetration and the resistance

of the soil Is nonlinear and the magnitude of the effect, if any,

is dependent upon a number of parameters.

Specifically, these studies agree that the various physical % e

and engineering properties of a particular soil and the magnitude %

of change in the rates of penetration seem to be the key %

parameters which determine the magnitude of effect that rate of

penetration has upon cone index. These physical and engineering

properties include the grain-size distribution, the percent of

clay size particles, the degree of saturation, the possibility of

drainage within the strata, and the viscosity of the soil (Kamp,

1982; Kok, 1974; Turnage, 1979). In general, all of these %

properties play a key role in the formulation of the expected S
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located in Appendix B for further reference. Specifically, this

data provides the basis by which the conclusion is drawn that

small variations in speed have no significant effect on the cone

index for dry sands. This may not necessarily be the came,

however, if the magnitude of change in the rate of penetration is 9

possibly increased to a factor of 10 as used by Kamp. However,

such a high factor would not be in compliance with the ASTM

standard variance of + 25%. In addition, the lack of saturation

in the testing sample may possibly have been another reason for

the observation of no noticeable effects. This conclusion is

based on the observations of other works as previously stated. A

testing program with a chamber capable of controlling the

saturation of the testing sample is required to enable a more . -,

effective analysis of this topic.

%

5.4 EFFECT OF CONE SIZE

The effect of the overall cone shape on the value of cone 0

resistance observed has been studied by Kok (1974) and Villet and

Mitchell (1981). DeRuiter (1982) reviewed these works and

concludes that the overwhelming factor of the cone shape's effect 0

on the value of cone resistance concerns the ratio of the cone ,

diameter over the diameter of the shaft (Dc/ds). The standard

ratio is presented as Dc/d s = 1. DeRuiter concludes in his work •

that in general a ratio of Dc/d s  > I will cause the cone

resistance value to be lower than expected because of the annular ',

= J
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space created directly behind the penetrating cone. Villet and

Mitchell's (1981) results establish the opposite to be true.

The present testing program utilizes the standard 3/8 inch

diameter steel shaft with both the .5 Inch and the .799 inch

diameter cones to examine the effect of cone size on soil

resistance. The S inch diameter cone establishes a ratio of

Dc/ds approximately equal to 1, for all practical purposes, while

the .799 Inch d ameter cone exhibits a ratio of Dc/d s > 1.

The test data demonstrates In the very loose, dry

Chattahoochee River Sand samples (Dr a 17%) that tests with cone

to shaft diameter ratios (Dc/d.) of unity exhibited consistently .

less cone resistance than tests with ratios greater than one. '-N

Figures S-11, S-12, and 5-13 depict this fact. The reason for

this is explained by analyzing and understanding the applicable

terms in the general bearing capacity equation. For all

practical purposes, this equation for cone penetration tests I.
conducted In dry sands is reduced to:

Cone Index N

Based on this equation, it Is obvious that for a test sample at a

given dry density the only term which changes Is "B" (either .5

or .799 inches). Thus, as the size of the cone increases the

value of cone index should also increase. This conclusions seems

to be in agreement with the results presented by Villet and 0

Mitchell.

The test data in the very dense dry Chattahoochee River Sand I

-.. . . . . .- . . . . . . .~ ..

% % IV-,l,.k II,_
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samples (Dr g95%) does not demonstrate the same findings as

established with the very loose samples. in these samples, the

test data collected with cone to shaft diameter ratios (Dc/d P,

greater than one exhibited consistently less cone resistance than

* test data collected with ratios of unity. Therefore, the larger

cone did not establish the larger value of cone Index. Figure

5-1A depicts the basis for this conclusion. It is proposed that

this conclusion is directly related to the fact that very dens*

sands demonstrate a tendency to dilate during shear; therefore,

tests conducted with the penetrating .799 Inch diameter cone (a
0

diameter ratio greater than one) provide an open space which .*

allows this volume change to more readily occur. However, the .5

Inch diameter cone establishes a diameter ratio approximately

equal to one which means that the dense sand Is more confined

during penetration and Is not provided with an open space to

allow substantial dilation. Thus, the tests conducted with a V

diameter ratio approximately equal to one resulted in higher cone0
NSIP _;

resistance values than those tests conducted with a diameter
%'S

ratio greater than one.%

The observations in the medium density state do not provide

as clear a conclusion on the effects of cone size as did the data

In both the loose and the dense states. Figure 5-15 shows that

the ratio of Dc/d 5 > I exhibits data which Is less than that of 1
the ratios of unity. Figure 5-16 shows that the data for the

ratios of unity are less. This variance in data Is possibly -

attributed to the non-uniformity in the density of the sample;

%.%
% %,

? %..
%..,
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therefore, this data Is not considered adequate In developing

conclusions on the effects of cone size an soil resistance.

*~I c:o;c:us:;; , the data observed In this testing phase on
the effects of cone size on soil resistance provides the basis 0

for wo pecficconclusions. First, In very dense dry
Chatahoche Rversand samples (Dr x 95%), the data for cone to

shaft diameter ratios (Dc/d3 a greater than one exhibit

consstetly esscone resistance than the data for Dc/ds ratios

of unity. Second, the opposite Is concluded for very loose

samples (Dr X17%). This phase of the testing program

demonstrates that the automated military cone penetrometer Is,

sensitive enough to measure subtle variations In soil resistance

to establish the above analyses and conclusions. Therefore, this '

device should be considered for further research In this area of

concern.

5.5 EFFECT OF CONCENTRATED SURFACE LOADS .

The purpose of this phase of the testing program is to study

the effects, If any, that the weight of the cone penetrometer's

operator has upon the measured soil resistance. The soils of

most interest to military trafficability studies are those which eI

%I 
.exhibit weak or soft conditions within the upper 24 inches of the .

soil mass. Therefore, this shallow depth of interest coupled

with the fact that the operator Is required to stand in close

proximity of the penetrating cone to conduct the penetration test

%

% %N .% % I 'es,.:j
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establishes the basis for analyzing the influence of the0

operator's weight on the measured cone index. e
The concept of the analysis in this phase of the testing

program takes Into account Boussinesq's (1883) solution to the

problem of Increases In vertical stresses with depth due to ak

point load at the surface of a homogeneous, elastic, and

Isotropic medium. From Doussinesq's solution, It Is anticipated

that the change In vertical pressure below the ground surface - ~'
will increase to a critical depth and then tend to decrease until

the effect Is relatively negligible. According to work conducted
by Villet and Mitchell (1981) In a testing chamber providing .

uniform stress control, Increases In vertical stresses are e%
associated with Increases in cone tip resistance. Itinoe

that an increase In vertical stress also ices h aea

stress in the soil samples.

The effects of increasing concentrated surface loads on cone

resistance in this testing program are analyzed in the very loose

and dense test samples. The following three concentrated loads I

are utilized in this analysis: 5, 65, and 110 pounds. As

previously stated, these loads are applied on each side of the

cone at the same location that the operator would place his feet

on the foot rest in the conduct of asudn. Fiveante

pound circular lead weights approximately six and eight inches in
diameter, respectively, are used to establish the 5 and 65 pound

loads. The lit pound point load requirement is accomplished by

having the researcher conduct the sounding for various tests.

%

V 
% %

...........
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As expected, the data observed in the loose state exhibits

an increase in cone resistance value with increasing concentrated

surface load. Figures S-17 and 5-18 present the results of this

b analysis for the .2 and .5 square inch cones, respectively. The

Increasing surface loads provided incremental increasing

confinement due to application at the surface and the increase in

9 lateral stress within the sample. Tests were conducted with both

the .2 and S5 square Inch cones In this loose state and both

exhibit consistently similar results.e

For the tests conducted in the dense state, only the 5 and

1.10 pound point loads with the .2 square Inch cone are

considered. Figure S-19 for the test sample at a dry density of

9S.9 pcf provides data which establishes an observation that

Increasing vertical stress causes increasing cone resistance over

the full critical depth of 24 inches. This observation is In

However, this Is not the observation drawn from the data in

Figures 5-20 and 5-21 for the test sample at a dry density of

96.4 pcf. The data In these figures exhibit the observation that

the Increase In vertical stress tends to increase the value of

cone resistance to an approximate depth of 14 to 16 inches and

then tends to be less than the data observed for the smaller

vertical stress. Th'i observation could possibly be the effect

of non-uniform density within the testing chamber or possibly due

to boundary effects. The possibility of the boundary effects is

based on the findings presented in Chapter 4, and the fact that

IV % %

%S
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the 110 pound point load penetration was conducted in the center ,

of the testing chamber while the 5 pound point load penetrations

were conducted closer to the edge of the chamber. Therefore, the .

penetrations with the 5 pound point loads possibly exhibit higher

values of cone resistance due to the influence of the testing

chamber's boundary causing the cone to feel additional lateral I
stress.

5.6 COMPARISON TO WES ANALYTICAL MODEL

An in-depth study analyzing the application of the WES "

analytical model and subsequent equations developed by Baladi and .

Rohani (1981) was not within the original scope of this initial
0

testing phase for the automated military cone penetrometer.

However, because of the broad data base of engineering properties

published from previous research conducted on Chattahoochee River '
Sand, a comparison of the cone index values measured during the

conduct of this test to those established with the model was I
attempted. .,,,

a 0
The equations developed by Baladi and Rohani (1981) using

the WES analytical model propose that the cone index with depth

of a granular soil (cohesion 0 0) can be predicted as follows:

0

2tan a(l + sin 4)? 3(tan a + tan t)___

Y)2 t&0 3 sin ,
\2-'

- . -.. .,. , .' -/ . , % '-
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where 0

No[y (Z+L)tan0] 
3-- [y (Z+Ltan +(2-u)jyLtan0](yZtan) 

2-m

(2 - m)(3 --)

D = diameter of cone
L a length of cone

2 = apex angle of cone S
Z+L = surface to tip of cone

m = 4 sing/3(1+sinO)

and G .A +1 - Bexp(-Z)1G
L 1 + Bexp(-OZ)J-

N \J

G = apparent shear modulus

A = 0.986 (for conventional WES cone)

B = 100 (for conventional WES cone) -

B = 0.55 (in)-' (for conventional WES cone)

From the above equations it Is apparent that the cone index is

directly related to the strength properties of the soil in ,S,

question. The development of such a relationship is encouraging

from the aspects of trafficability studies as well as other 0

geotechnical engineering applications

Specific properties of the Chattahoochee River sand were "..

established using research conducted by Boutwell (1965) and lop,
'p.---C

Vesic' (1963). Specifically, these properties were used in the

above analytical equations to predict the cone index values for ".'C

two Chattahoochee River Sand test sample densities. The dry

79

S. .
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densities and strength properties used are as follows: S

Density (pcf) Shear Modulus (psi) Friction Antle.degrees

86.1 30 32

95.9 1150 43

A Poisson's ratio equal to 0.35 was used In the calculations.

As depicted in Figures 3-22 and 5-23, the predicted cone

index values derived from using the WES analytical model agree
'op%

favorably with the actual measured values obtained during the e".
0

;-% %conduct of the laboratory testing program. Note that the scale

range between these two plots is nearly tenfold and that the e b ,%

sensitivity of the automated military cone penetrometer allows

effective data to be established in each. Therefore, the

automated military cone pene-trometer is considered an excellent .9

tool to conduct further research on this topic using a variety of

soil types. •
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CHAPTER 6 ..

FIELD TESTING PROGRAM I

6.1 INTRODUCTION

Based on the analyses of the results presented in Chapter 5, 4.

the proposed automated military cone penetrometer system has been

validated as a reliable tool to be utilized in measuring soil

resistance In homogeneous samples. The fact that this proposed

system has proficiently demonstrated Its ability to provide

reliable and repeatable results now allows the system to be

analyzed on its ability to provide soil resistance data within a

variable soil mass. Furthermore, the ultimate requirement of the

cone penetrometer Is to perform effectively and efficiently in a

field environment where soil variability Is commonplace.

S.pecifically, variable, non-homogeneous soil conditions provide

the foundation upon which nearly all off-road military mobility -4

* ~operations are conducted; therefore, trafficability studies, 'a.

which require the use of the military cone penetrometer, must beS

able to accurately identify mobility cone Index values In such ..

conditions. This chapter will present the concept,design, and

analyses of results of a small scale field testing program

established to analyze the ability of the automated military cone

penetrometer to provide reliable soil resistance data within a

realistic, non-homogeneous soil mass.

%..
%4.
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8.2 CONCEPT OF THE FIELD TESTING PROGRAM

The broad objective in this field testing program is to 46

qualitatively and quantitatively analyze the ability of the

proposed system to effectively and efficiently collect reliable

data within a non-homogeneous soil mass. The specific scope of

the program Is broken Into two facets:

(1) To evaluate the capabilities of the proposed

system In Identifying the variability of soil

resistance with depth In a realistic layered soil

system.

(2) To evaluate the proposed system's ability to
- .%- -.

effectively measure the In-situ and remolding cone

Index values of a soil.

Ideally, a laboratory testing p.ogram utilizing non-uniform e...

soil conditions in a calibration chamber would have provided the

optimal means of accomplishing this scope. However, the lack of

an adequate testing chamber and Insufficient time and funds for .

its development precluded this approach to testing. As an

alternate, a small scale field testing program was designed and

implemented utilizing a soil which provided reasonable control 0

-' q.,
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and thus allow at least a qualitative assessment of the automated

military cone penetrometer operating In a variable soil

environment.

The cornerstone in the concept of this testing program deals 0

with the need to establish field conditions which simulate, as

closely as possible, conditions that the automated system would

possibly encounter in actual military trafficability

applications. Based on conversations with the personnel in the

Mobility Systems Division of the Waterways Experiment Station and

on personal military experience, the hard over soft soil

condition is one of the most important and difficult to "

quantitatively identify in military trafficability studies.

Insufficient information for such conditions; i.e. depth of the

hard layer, strength of the hard layer, strength of the

underlying soft layer, and the extent of a soil's change in %

strength characteristics under loading conditions; may foster a

false sense of security from a mobility aspect. Therefore, the V%°

concept of this program centers around the need to establish such

a variable soil condition and to evaluate the automated military

cone penetrometer's ability to effectively Identify the hard over S

soft soil condition as well as changes in soil resistance which

occur within a variable soil mass over time.

6.3 THE TESTING SOIL AND SAMPLE PREPARATION %

A primary concern in military trafficability studies is to

% %,

L,..
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effectively and efficiently Identify the strength properties of

those underlying soft soil layers. As previously noted, those

soils which tend to mask their actual strength by forming a hard,

stiff layer over an extremely soft layer of soil are especially0

important for military maneuver operations. In addition, it may

be necessary to identify the extent of strength change with depth

which these soils demonstrate due to daily weather conditions,

particularly after periods of heavy rainfall.

A number of site/soil conditions were considered in order to

complete the field study. These included backwater deposits

along the Chattahoochee River, reclaimed spoil stockpiles from

kaolin mining, and a laboratory prepared deposit in a large test '

pit In the geotechnical testing laboratory at Georgia Tech. The

time and expense of these efforts precluded their serious

consideration after this Initial development phase. Fortunately,

conditions at a nearby quarry offered a viable alternative.

During the crushing, screening, and washing of stone aggregate at

the granite quarry, large volumes of fine sand to silt sized,

water laden pond screening material are wasted and stockpiled. A

typical wasting pit was selected for the creation of a realistic

soil test sample.

Based on the summary of works presented by Hall,1985; the

experience of Dr. Robert C. Bachus, Asst. Professor at Georgia

Tech; and from personal observation; the composition of a pond

screening soil deposit Is such that it tends to exhibit an

increase in strength as it dries and provides a desiccated crust0
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of varying thickness with time. Improvement of properties can

vary from a few hours to a few weeks. In addition, the soil , '

exhibits a strong tendency to weaken when subjected to repeated 14,

loading conditions. Thus, pond screening seemed an ideal

material for the cone penetrometer study. The actual pond

screening material used in this testing program were from the

Vulcan granite quarry in Kennesaw, Georgia; these deposits

exhibit a high moisture content and fineness. The gradation

S characteristics of pond screening at Vulcan resemble fine sand as

shown In Figure 6-1.

The samples created from these pond screenings were prepared

at the quarry site In Kennesaw in a test pit approximately eight

*feet wide, 15 feet long, and three feet deep. Under the

supervision of Vulcan personnel, the pit was constructed within a

* previously deposited and dried pond screening deposit by a

* bulldozer; the water laden test pond screenings were then placed

In the pit by a dump truck. During placement, the pond

* screenings flow with ease from the dump truck as the particles

*are in nearly total liquid suspension. Therefore, in its

initially prepared state, the properly constructed sample is

*unable to fully support the weight of a common person. As time

passes, the water In the soil slowly permeates out of the sample,

and the soil's strength tends to increase within the pit.

• ,,.,,
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Gravel Sand

Coarse to Fine Silt Clay -V
medium _._
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6.4 TESTING SEQUENCE AND RATIONALE

Initially, one test sample pit was constructed for the

collection of the cone penetration data needed to accomplish the

goals within the concept of the field testing program. Testing

within the pit was to be scheduled to allow measurement of the

strength increase with depth over time. Additionally, remolded

samples of the soil were prepared and tested during each

scheduled visit to the quarry. Between the fifth and sixth week

of the testing program, the heavy equipment operators at the

quarry accidentally destroyed the Initial testing pit. A second

initial pit to provide adtoa data forexc analyses.loainfth

A series of cone penetrations using the .S sq.in. right

circular cone were conducted In each of the two testing pits. A

given test series consists of several cone penetrations which

were conducted within the testing pit on a given date, thus

establishing the time period which had elapsed since the date the

testing pit was first constructed. Subsequent reduction and

comparison of all test series data allows evaluation of the

proposed system capabilities. Specifically, qualitative data

reduction addressed the following two instrument related issues:e

(1) The ability of the device to measure (a) the

variability in soil resistance, (b) the expected

Increase in soil resistance over time, and (c) the

% % % % %

N.S
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efet an sestvt of soi and. peetomte to-

tefexten and sstivitys of soie andccte phnrmetert

overlying the soft layer of soil.

Four series of test penetrations over a 4 week time period were pJ

conducted In the first test pit while two series over a 3.5 week

time period were conducted In the second test pit.

Within each series on a given date, the automated military

cone penetrometer was utilized to provide data for both the in-

situ and remolded resistances of the soil. For reference within

this study, the In-situ resistance of the soil is the resistance

measured before the soil Is subjected to any outside loading '..4

condition. The remolded resistance of the soil corresponds to

the soil's resistance to the penetrating cone following a loading

sequence by which the test location is subjected to 10

repetitions of dropping a 10 pound weight from a height of

approximately 24 Inches. In a prototype field loading condition,

the subject site would be subjected to a repeated application of

load due to mobilization of vehicles/troops across the site.

Therefore, the response of the soil to application of a single

load (cone penetration) may not be sufficient to evaluate the *.-

material's performance to repeated loading. The researcher

proposes that these repeated drops of a weight simulate, to some

J. .1



or..."

136

degree, the effect that repeated vehicle loadings would have upon

a given soil mass. Therefore, this remolding of the soil sample

'mprovides a means to analyze the automated military cone0..

penetrometer's capability of providing effective data on the

effects that repeated military vehicle loadings may have on soil .~.

resistance. N

The summaries of the cone penetration tests conducted within

the four series In test pit one and the two series in test pit

two are presented in Tables 6-1 and 6-2, respectively. These

tables present the penetration test number, date of penetration.

the location of penetration within the pit, and whether the data

was collected from the in-situ or remolded soil. The

penetrations among the testing series were conducted in either

the center or side of the pit, therefore allowing a better basis

5'for comparison of data between series. These series and test

numbers will later be referred to in the discussion of test

results. Several penetrations In the series of tests indicated

'S' the presence of rocks during the conduct of a penetration. These

are noted as such In the Tables and not used for comparison 'W"

purposes.

Penetrations of the pond screening sample in Test Pit #1

were not Initiated until 1.5 weeks following the pit's

construction because the strength of the sample was not

sufficient to adequately support the weight of the researcher

until that time. Subsequent series of cone penetrations at the

center and side of the pit were performed at the 2, 3, and 4a week

%5
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TABLE 6-1 SUMMARY OF FIELD TEST DATA

TEST PIT #i

--------------------------------------------------------------------------

SERIFS TEST I DATE : LOCATION IN-SITU REMOLDED

I 1 1-1 29 SEPT '87: CENTER : x
------------------------------------------------------------ ---- 4----------------------

1 1-2 : CENTER: x
---------------- --- ------------ --------------------- -- --------------

1-3: CENTER :X (ROCKS)
------------------- -----------------------------------------

1-4 : aSIDE x
*------ ------------------------------------------- 4--------------------- ----------- -------------

1 : 1-5 " SIDE x
*-------------------------------------------------4-------- --------------- 4----------------------

1 : 1-6 : a : SIDE X (ROCKS) :
------------ --------------------- 4------- ------------ --------------

1-7 CENTER x
-------- 4----------4-----------------------------------4--------- ---------- ---- 4----------------------

1 1 1-8 : CENTER: x

* 2 : 2-1 2 2OCT '87 SIDE x

2 2-2 : CENTER x *

--4---------------------------------------------- --- -- --------- --------------

2 : 2-3 : : CENTER X
*--------4----------4----------------4------------ ------- 4--------------------- ----------- --------------

2 : 2-4 SIDE x

3 : 3-1 : gOCT'8" : SIDE x
- - 4- - - - - - ----------------- o---- ------------- ------------------------- --------

3 : 3-2 , : CENTER X
*--------- ------------------------------------- ----- 4-------- --------------- 4----------------------

3 : 3-3 : : SIDE x
--------------------- 4----------------- -------- 4----- -------------- ------------------------

3 3-4 : CENTER: x

4 : 4-1 : 16 OCT '87 : SIDE : X (ROCKS) -- -----

4 4-2 a : CENTER X I
*----------------------------------------4------------- --- --------- --------------- -- - - - -

4 : A-3 : w SIDE X
----------- -------------------- --------- -------------

4 4-4 , a : SIDE X 0
-- - - - - - - - - - - - - ----- ---°--- -- ------ ----. °° ° -- - -- - - - - -

4 : 4-S : CENTER * X

II

, .
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TABLE 6-2 SUMMARY OF FIELD TEST DATA

TEST PIT 02

SERIES : TEST # DATE LOCATION IN-SITU REMOLDED Zl

1 : i- : 20 NOV '87 : SIDE : x

1 : 1-2 : : CENTER: X

1-3 SIDE : X I
* I 1-4 : SIDE : 0 X

*-------------------- ------------------------------------- --------------
i-S : : CENTER: X

------4 -----------------------------------------------------------------

1 : 1-S : : CENTER: X (ROCKS) :

2 : 2-1 :1 DEC '87 SIDE : X *

------------------------- --------------------
2 : 2-2 : CENTER : X (ROCKS)

S------------------------------------------------------------------------------------------
*2 : 2-3 :CENTER: X

------------------------------.------------------------------------ -----------------------
2 ' 2-4 :"SIDE : x

*--------------------------4------------- -------------------------------------- 0
2 : 2- : CENTER X (DATA LOST)

.. ..'.

% % a-.%
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*2 will be further discussed in the analyses of results.

6.5 DISCUSSION AND ANALYSES OF THE TESTING RESULTS

This section will present a thorough discussion concerning:N

(a) the consistency variation with depth over time within tt .e

sample, (b) the extent and stiffness of the desiccated crust,

(c) the variance in strength between the two test pits, kd) the

effects of repeated loading/remolding.

Within the discussion of each of these facets, analyses cf -%

the cone penetration data collected in the testing program as

well as conclusions based on these analyses will be presented.

It should be noted that, since the automated military cone .

penetrometer has proven its ability to provide repeatable and

reliable results In the laboratory validation testing program.

the cone index values collected in the field testing program will
S..'

be accepted as accurate. Therefore, the discussion which follows

will concentrate totally on the capabil!ty of the automated

system to effectively accomplish the above aspects.

%5.
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As previously noted in Chapter 2, military trafficabillty

studies are primarily concerned with the strength properties of N.a

the soil within the top two feet of a soil mass. Generally, soil

as a whole is considered to be variable in nature and the actual

strength properties it exhibits close to the surface at a given

time are many times highly dependent upon the prevailing weather .%

conditions in the area. The proper identification of strength

properties of a given soil mass within two feet of the surface

could prove to be the difference between success and failure in

military mobility operations conducted on non-paved surfaces.

Since the primary tool used in traffIcability studies to

identify the strength of a soil is the conventional military cone

peenetrometer, then the need for the penetrometer to provide

accurate and precise data is paramount. Thus, the requirement is
S

established for evaluating the ability of the automated military

cone penetrometer t- effectively identify the variability of soil %

resistance with depth in a realistic layered soil system. The

following subsections will present plots and provide a discussion 0

of the results obtained from Test Pit #1 concerning variability

and qualitative property evaluation. It is noted at the onset
.. 4.

that the results of the data collected in these series of

penetrations demonstrate that the soil resistance within the test

samples on a given date is variable in depth as well as in

location within the test pit. This point Is considered a natuiral

occurrence in penetration testing and detailed analysis is

considered beyond the scope of this initial study. In addition,

%4
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penetration data not presented in this chapter are located In ~.

Appendix C for further reference.

6.5.1 VARIATIONS IN SOIL RESISTANCE WITH DEPTH OVER TIME

The permeation of the pore fluid from the sample and the

prevailing weather conditions at the testing site are considered

to be the primary factors responsible for changes in soil

resistance in the pond screenings test pits. The ability of the

automated military cone penetrometer to properly recognize and

quantify the magnitude of the soil resistance changes due to

these factors over time will be the primary concern for this

discuss ion.

During the conduct of the penetration tests in Test Pit %

the pond screenings did not experience any measurable

precipitation and was subjected to normal autumn temperatures for

the Atlanta area. In general, the results of the data collected%

from the automated military cone penetrometer tests conducted in

0

resistance at a given depth In this test sample tends to increase

from olne, series to the next. From the discussion on the

selection of the test soil, a pond screenings deposit would be

expected to exhibit such an increase In strength over time due to

the dissipation of pore water within the soil mass.

Z- "~0

r %
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Continuous profile plots Of the collected data which

grapicaly deict
grpial eit this increase In strength among the four

series of tests are presented In Figures 6-2 and 6-3 for

penetrations conducted at the center and side locations,

respectively. Two key observations are Immediately noted: (1

the automated cone is effective in delineating small variations

In consistency with depth and (2) there Is a dramatic effect of.. .

cone index variation over time in the test pit. The data

collection process and sensitivity of the automated military cone

penetrometer allows a range from less than 10 psi to greater than

250 psi In soil resistance values to be effectively captured.

This extreme range In data depicts the volatile nature of soil ,..

resistance within thi pond screening sample. The detail provided%

in the data collection process of the automated military cone

penetrometer potentially allows more specific analyses of this

soil's strength characteristics.

Specifically, these plots demonstrate that there seems to be

a relatively large Increase in soil resistance between the second
.p

and third weeks (Test series 2 and 3, respectively) following the PPoa

test pit's construction. A possible reason for such a noticeable

Increase could be directly related to the fact that numerous

shrinkage cracks, varying In width from .5 to 2 Inches, appeared

throughout the testing sample between test series 2 and 3. These

cracks potentially provided an additional, and possibly easier.

means for the dissipation of the pore wat r in the s:il,

therefore Increasing the resistance capability of the soil.

S

% % %
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In addition, these plots show that the upper 6 to 10 inches

of the pond screenings generally demonstrate a tendency to

increase strength much more rapidly than th. lower segments of

the test sample. The reason for this Increase is again

considered to be related to the dissipation of pore fluid. The

dissipation of the pore fluid in the fine pond screenings sample

is easily accomplished in the upper layers of the sample through

the mechanism of evaporation and thus formation of a desiccated

crust.

* The above observations establish that the proposed automated

military cone penetrometer system is fully capable of effectively

identifying the variance In soil resistance within a highly

volatile soil mass over an extended time period. In addition,

the sensitivity of the device and the large number of data points

collected within a single cone penetration allows sufficient data

for analysis.

6.5.2 IDENTIFYING THE EXTENT OF THE DESICCATED CRUST

From personal experience and conversations with mobility

personnel at WES, the existence of a hard layer overlying a soft

soil layer is considered to be one of the most Important and ncst

difficult soil conditions to quantitatively identify in military

trafficability studies. One reason for this difficulty stems

from the fact that the thickness of the desiccated crust is .

extremely variable in nature and, many times, dependent upcne

% %
0" .0

% -,* " , %
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of the other figures in this chapter and Appendix C clearly 0

demonstrate the qualitative assessment capabilities of the

automated military cone penetrometer. Because of the detail

provided in the penetration data col lected by the automated

military cone penetrometer, a quantitative analysis of the

e nsensitive hard over soft layered soil condition can be I
accomplished using theoretical procedures like those developed by

Baladi and Rohani, 981. It is noted that an assessment of the

Baladi and Rohani theory was not pursued as a part of the scope .

of this current work. It is anticipated that this evaluation and .

analysis will be part of the next phase of this project. The ,

presented data demonstrate that the automated military cone it

penetrometer Is highly capable of providing the detailed, % *

sensitive Information for military trafficability studies in

difficult soil conditions.

6.5.3 VARIANCE OF INITIAL STRENGTHS OF TEST PITS I L 2

The initial in-situ data collected by the automated military

cone penetrometer in both of the test pits are presented in

Figures 6-4 and 6-5. Notice that the soil resistance achieved in

three days in Test Pit # 2 Is for all practical purposes equal ti

or greater than the strength demonstrated by the sample in Test

Pit 1 I after 1.5 weeks. In addition, It is obvious that there S

are strikingly different trends between the side and center

results of the two pits. At the center of the test pit, the >-

% %.. . . . ..
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penetration result from Test Pit 0 2 is for all practical

Ppurposes consistently larger than that of pit *1. At the side CI

of the test pit, the penetration results of both pits are

relatively equal. The reason for this trend is considered a

function of drainage. Specifically, the center of Test Pit # I

did not possess an adequate drainage path to allow the

dissipation of pore fluid and therefore demonstrated less soil

res istance.

AllI of the testing parameters (soil, weather conditions,

test site, etc.) were initially considered to be identical for

each of the constructed test pits. As the strength

characteristics of the soil samples were not identical, based on

the elapsed time between the dates when the pit was constructed

and the Initial penetrations were performed, this assumption was

not reliable. Results of the cone penetrations Indicate that the

soil placed in Test Pit # 2 did not possess an Initial moisture

content as high as that In Test Pit # 1. Close personal

inspection by the researcher supports this observation. Once

again the automated military cone penetrometer is shown to

provide valuable qualitative and quantitative data for assessment ,

of local site conditions.

6.5.4 ABILITY TO IDENTIFY CHANGES DUE TO REPEATED LOADINGS

The ultimate goal of military trafficability studies is to

establish the capability of a soil formation to sustain repeated%

F
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loi ngs of a certain number and class of military vehicles,

J ..

Specifically, this goal is centered around the determination and ",

comparison of critical cone Index values to values needed for,.

vehicle mobilization. As presented in Chapter 2, the military

vehicle cone Index and rating cone Index values are compared to ..

establish the final trafficability parameters of the soil mass

under Investigation. . _

In general, each class of military vehicle is assigned a

vehicle cone Index value which specifies the minimum soilI

resistance required of a soil mass to successfully support 50"'.%

passes of a particular vehicle. This value is compared to the. ..

the in-situ cone index by the remolding cone Index value of the "

soil mass In question. The In-situ cone index value 'is•

determined from cone penetrations, conducted in the same manner " -.r

as those performed In this field testing program, at the site ,.,

under investigation. The remolding cone index value IS '"'

determined from cone penetrations conducted in the field with a ,,,

cylindrical test sample of the soil In question. A brief summary. %.

of the stops involved in determining the conventional remoldirg .,

cone index value include: (1) obtaining an undisturbed soil test_ ..._

sample, (2) determining the in-situ cone index value of the soil i

sample, (3) remolding the sample by subjecting It to a sequence ' -':

of repeated impact loadings, (4) determining the remolded cone

Index value of the soil sample, and iS) determining the remolding.".,

cone Index value by dividing the remolded cone index value by thne ..r_

V.-
% % % %
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In-situ cone Index value of the test sample. A oethorough

discussion of these steps Is presented in Chapter 2. .0

The focus of discussion in this section will concern the

aspect of determining the above referenced remolded cone index

value of a soil. Specifically, the ability of the automated

military cone penetrometer to effectively establish the effects

of remolding on the pond screenings in Test P It # I will be.

scrutinized. The subsequent paragraphs will present a discussion

and analysis of the penetration data collected by the automated

military cone penetrometer following the application of the

repeated loading conditions previously discussed In section 5.4 .

on the pond screenings sample. Note that the remolding

techniques developed for this project differ from the

conventional technique referenced in TM S-330. Because the

proposed techniques do not require excavation of samples and test

the soil in place, they are believed superior to conventional

techniques. Verification of this conclusion requires further

study.

Representative plots comparing the In-situ and remolded cone

Index values collected with the automated system at the center

location of Test Pit 8 1 in Test Series I through 4 are presentedI

In Figures 6-6 through 6-9, respectively. Similar plots of data

collected at the side location in Test Pit * 1 and the series of.1

tests in Test Pit 82 are located In Appendix C for further

reference. All of these plots depict the general trend that the

remolded cone index of the pond screening samples tends to beI

0
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less than the In-situ cone index over the entire depth of ,

penetration.

Possessing a high moisture content and fineness composition,

the pond screenings sample In Test Pit# I would be expected to S

exhibit a decrease in strength when subjected to the repeated

impact loading situation. The reason for this expected strength

decrease is due to the fact that the applied loading condition

should cause the pore pressure in the test sample to increase 'N

therefore decreasing the soil's effective stress. The N.

penetration data collected by the automated military cone

penetrometer in each of the four series of tests In Test Pit * 1

exhibits this expected behavior.

In addition, the magnitude of strength change depicted in

Figures 6-8 and 6-9 demonstrates that an inadequate

trafficability study in these soil conditions could possibly lead ,-

to puncture failure in subsequent military mobility operations.

The basis for this conclusion is provided through further
analysis of the penetration data for week 4, Figure 6-9. Based

on this collected penetration data, the average in-situ cone

0
index value is approximately 160 while the average remolded cone

index value is approximately 50 over the 24 inch depth cf

interest. If only the in-situ cone penetration test had been

conducted to satisfy a trafficability study, then the military

unit requiring this information would have drawn false

conclusions concerning the trafficability of this terrain. The

unit would only be able to pass a relatively small number ct 0

%* - % % ..
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The analysis In the preceding paragraph establishes the fact

that the success of off-road military mobility operations in

volatile soil conditions could prove extremely dependent upon the -

accurate collection and analyses of cone penetration data. The

presentation of results in this section demonstrates that the

automated military cone penetrometer is fully capable of

providing the detailed, continuous data over the critical depth

of interest needed to establish this accurate collection and

analyses of soil resistance. Specifically, this section

establishes the fact that the automated military cone

penetrometer can successfully identify changes between the in-

situ and remolded cone index values required in military -

trafficability studies under extremely variable soil conditions.
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CHAPTER 7 P

CONCLUSIONS AND RECOMMENDATIONS %

7.1 INTRODUCTION

The conventional proving ring cone penetrometer system

currently used by the military to measure soil resistance during

the conduct of trafficability studies is possibly out of date .. *

with current technology in the engineering field of in-situ ,

testing. One must question the efficiency and accuracy of a

system which requires that soil resistance and depth of .% %

penetration data be manually read from a proving ring dial while

depth of penetration is estimated from notches on the cone rod.

The speed must similarly be questioned when these data must be

manually recorded, particularly in light of the extensive

advancements in computer and electronic technology in the past 10

years. Such an antiquated system could prove to be a hinderance

on the modern battlefield where the military force that is able

to quickly and effectively access information about the theater

of operations will have a definite advantage. ,

The automated cone penetrometer developed in the conduct of

this research establishes a very strong foundation for the .-. 1

development of a system which will provide the U. S. Armed Fcrces

with such an advantage. The laboratory and field testing results

,.%
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presented in this research demonstrate the designed automated

system's ability to detect and record reliable soil resistance •

and depth of penetration data in an extremely effective and

* efficient manner. The following section will present certain i..

conclusions which resulted from the laboratory and field testing S

programs of the automated military cone penetrometer in the

conduct of this research. Following the presentation of the

testing conclusions, specific advantages and disadvantages of the

automated system compared to the conventional proving ring system

will be presented. The chapter will then conclude with suggested

recommendations for equipment modifications and further research -

concerning the automated military cone penetrometer and its use

in the conduct of trafficability studies. %
%

7.2 LABORATORY AND FIELD TESTING CONCLUSIONS

%F.

In general, the laboratory and field testing programs

conducted in this research conclusively demonstrate that the

automated cone penetrometer is fully capable of meeting the

current operational demands established for military cone

penetrometer testing. The basis for this general conclusion is 0

founded on the following specific conclusions concerning the

results of these testing programs.

N.
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7.2.1 Reliable Results

In the conduct of the laboratory testing program, the

automated military cone penetrometer successfully demonstrated

that it could measure soil resistance and depth of penetration --

data in an extremely reliable and repeatable fashion.

Specifically, the device successfully duplicated the accredited

work by Vesic (1963) whereby a direct relationship between the

dry density of Chattahoochee River Sand and soil resistance as

measured by a penetrating cone was established. Based on the

reliability of the results from this phase of the testing

program, the apparatus was then considered applicable for

analyzing the effects of cone size, rate of penetration, and

concentrated surface loading conditions on the value of ccne

resistance.

7.2.2 Effect of Cone Size

The effect of cone size on measured soil resistance was .oR

analyzed In the laboratory testing program by using .5 and .799

Inch diameter 30 degree right circular cones attached to a 3/8

Inch diameter steel shaft to conduct cone penetration tests on

penratiodnsites condChtdanhoose sandr Sample are oeslseot

vaneriouon destes cofdce Chatooe River sand.e The renssutent

with reslts expected from a bearing capacity analysis with the

.799 inch cone exhibiting larger values of soil resistance.

% % %
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However, the results for the penetration tsswt oedaee
test wit con dia ete

(Dc) to shaft diameter (d.) ratios (Dc/d.) equal to one (.5 Inch

diameter cone) in the dense samples demonstrate higher soil

resistance values which is attributed to the lack of space

allowed for dilation to occur during penetration. Thus, the

automated cone penetrometer provides a tool which is sensitive

enough to detect subtle variations and allow a fundamental

investigation of the failure mechanism.

7.2.3 Rate of Penetration

%

Based on the cone penetration data collected, it is

concluded that rates of penetration ranging between 4 and 8 I
Inches per minute (factor of 2) have no significant effect on the

measured cone index value for "dry" Chattahoochee River Sand. it

Is proposed that one may not be able to draw a similar conclusion

if the magnitude of change In the rate of penetration were
S

possibly increased to a factor of 10 or if the sand were

saturated as has been shown by Campanella and Robertson (1982) in

their research at the University of British Columbia and others

on the conventional CPT. This aspect provides a basis for

further research to be discussed In the final section of this

chapter. 1

%S
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7.2.4 Concentrated Surface Load Effects -,-

ks ~~The laboratory test data conclusively demonstrates that the .'., ,

weight of the operator during the conduct of cone penetration

testing establishes a concentrated surface load which directly

influences the measured value of soil resistance in dry %01

Chattahoochee River Sand samples. Specifical ly, these results

show that as the weight of the operator increases so does the

value of measured soil resistance at a corresponding depth for a .

given density of dry sand. This increase tends to be much more.,-._,3-

profound in the loose sand. The placement of the operator's feet _

on the foot pads of the base plate causes an Increase in Z.-,

confinement, vertical stress, and lateral stress which in essence .,

Vv .

means that the penetrating cone will measure higher scil

resistance values than are actual ly present in the I n-s Itu i

condition. This effect Is undoubtedly common to the conventional

system and these data indicate that the historical data base is•

biased to the weight of the operator and the position of the %...

operator's feet during testing. Ths effect should be further % ..

studied for other soils and accounted for In a standard fashion ..

In future trafficabillty investigations. ._"

7.2.5 Comparison to WES Analytical Model '"'

An In-depth study to analyze the WES analytical model was .

not within the original scope of this initial testing phase for "0.

?M .!.
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the automated military cone penetrometer. However, a quick%

application of this model to predict the soil resistance of

Chattahoochee River Sand over a 24 Inch depth of cone penetration

was conducted and the results compared to measured soil

resistance values. The results of this comparison demonstrate

that the model Is undoubtedly promising. This model is useful

for evaluating soil properties and not just for trafficability

purposes; therefore, it shows in sight potential. The

sensitivity demonstrated by the automated cone penetrometer

system makes It an Ideal tool for further studies of this model.

7.2.6 Measurina Soil Variability-

During the conduct of the field testing program, the

* automated military cone penetrometer successfully demonstrated

its capability to effectively measure variability in a soil mass

with extreme detail over a 24 inch total depth of penetration.

In general, the device effectively quantified the magnitude of

change in the strength of the pond screenings presumably as aa

result of the dissipation of pore pressures over time. In

addition, the sensitivity of this device enabled it to identify

the detailed soil resistance and corresponding depth of a

variably stiff desiccated crust overlying an extremely soft

layer.
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7.2.7 Vehicle-Soil Relationshipi

N

The automated military cone penetrometer demonstrated that

it is an excellent toot In establishing the strength loss caused

by repeated loading. It is proposed that this device can augment r.

teoverall aspect of military trafficability studies by

providing a more efficient and effective means of establishing

the effects of vehicle loading on given soil conditions.

In addition, the military's procedure of establishing the

remolded strength of a soil by measuring soil resistance in a 2

inch diameter steel cylinder is questionable based on the results

of this research and work performed by Parkin and Lunne (1980).

These results suggest that boundary effects may bias these

remolded strengths and thus the rating cone index of a soil. The

automated military cone penetrometer is considered an ideal tool

to further analyze this aspect.

7.3 ADVANTAGES OF THE AUTOMATED CONE PENETROMETER 
%

As stated throughout this report, the automated military

cone penetrometer has successfully demonstrated that It is fully 0

capable of performing the functions required in the conduct o!f

military cone penetration tests. The success of the automated p

system establishes the fact that such a system is considered

feasible and will provide specific advantages not realized with .v
the current proving ring system. The following sub-sections will

'.. 10W
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discuss the specific advantages realized with the automated

system as presented in this report. .1

7.3.1 Automated Data Acquisition A

40
The major advantage of the automated system concerns the

manner in which the soil resistance and depth of penetration data

are recorded. In general, the automated data acquisition system

proved that it could efficiently and effectively measure and

record the soil resistance and corresponding depth of penetration -

in both homogeneous and non-homogeneous soil conditions. The

fact that all of the data Is obtained automatically on relatively

small, field-capable instrumentation reduces the possibility of

data being incorrectly recorded; this appeared to be a major

source of error associated with the proving ring system. In all

of the tests conducted In this research, the automated data

acquisition system continually recorded reliable and repeatable N'

results of the existing soil condition.

sk'

7.3.2 Efficiency of Overall Operation

The handling and operation of the automated cone %.

penetrometer only requires the attention of one operator. The

design of this system eliminates the need for both an operator

and assistant as suggested for facilitating the operation of the%

proving ring system. In specific, TM 5-330 suggests an assistant

% % %0
%-aU-x
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be used in the proving ring system to reduce the possibility of 0
error and the amount of time required in the task of manually.

recording data. By providing a more efficient system, the

automated system decreases both the possibility of error and the

time required to record cone penetration.

As designed, the automated system allows a single operator -

•4.

to conduct numerous cone penetration tests within a very short

time period. Once the operator has conducted the desired

penetrations, the device can be directly attached to a portable

or office-based computer for data reduction, storage, plotting,
AL s

and analysis. As noted in the context of this report, the number

of penetration tests which can be effectively retrieved by a

single operator in a single testing session with the automated

cone penetrometer is currently limited only by the computer S

software available for analysis. In this first generation

system, this is approximately 5 tests when utilizing the LCTUS

electronic spreadsheet program for data reduction and analyses.

The established design allows cone penetration data to be -..

saved In the data logger for as long as required; therefore, the

operator is not required to transport a computer during the

conduct of these penetration tests. This means that the analyses

of soil resistance based on the automated cone penetration test Wk I.

results can be conducted in a totally separate location at a

later time. Thus, the whole sequence of operation concerning the I.. -%

automated military cone penetrometer seems to provide the

military with a much more efficient means of obtaining s.il

4~~~a ".PP . k 1 k
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resistance data with a manpower requirement of only one soldier.

%

7.3.3 Sensitivity

In both the field and laboratory testing programs, the

automated cone penetrometer proved that It could provide detailed

qualitative soil resistance data at a corresponding depth. The

automated system demonstrated a capability In which a change in

soil resistance or cone index of .852 psi can be accurately

measured using the .5 square inch cone. Such sensitivity would

only be possible through interpolation when using the proving 4

ring cone penetrometer. For this study the depth sensitivity for

each data point was approximately 0.25 inches. If additional

data points are required, depth sensitivity of approximately .025S

Inches could easily be achieved by software control.

This increase in sensitivity, relative to the conventional

proving ring cone system, augments the military's ability to

better define the soil-vehicle relationships which are the

cornerstone In the conduct of trafficability studies. As

previously noted, this ability was successfully demonstrated in .

the field testing program where the automated system was able to

effectively establish the magnitude of change in soil resistance

due to repeated loading conditions.

The sensitivity of this device also provided an effective

means for studying the effects of penetration rate, cone size.

and concentrated surface loading conditions on soil resistance.

0'
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The sensitivity features and the small size of the device provide "-

an excel lent resour~e for conducting further research in a ,'

laboratory environment. .- -

7.;3.4 Soil Profi 1lne . .

L. V

The beauty of the automated cone penetrometer system is the":',

fact that this system provides approximately 96 data points over .

., =

a 24 inch depth to establish a nearly continuous soil profile; %

%-

presented throughout this report, the automated system enables

these data points to be electronically communicated through a

computer to a spreadsheet program where the data can then be

easily transposed Into a hard copy sol profile. In specific.

detail a sol profile which can then be quickly and efficiently

analyzed to establish the key aspects of soul resistance as it is

-

related to military trafficabillty studies. .-% %J

The automatic soil profiling also allows a more critical,.'-%
analysis of a soil's cone Index value than Is currently provided

with the proving ring system. This conclusion is based on the ,%-.' d ,

fact that over a depth of 24 inches the automated system provides
approximately 9d ataa popnnts while the provin rng system would

compustr ll toasraset pormweetedt a hnb

teaustoatd sallow proide four cone index values to be

manually recorded. Usn the time consumiln recommendation by

Balad and Rohan (1981), approximately 24 data points would be-

V,".
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manually recorded. 

I

7.4 DISADVANTAGES OF THE AUTOMATED CONE PENETROMETER

'pEven though the automated military cone penetrometer has 00

V successfully demonstrated Its capabilities and use In military

V applications is considered feasible, the change from a manual to
an automated system does establish specific disadvantages which

must be considered. 
7

7.4.1 Training

Switching to an automated system will establish the need to

develop a new training procedure for the conduct of cone

penetration testing. Encompassed in this requirement will be the

need to retrain the current operator's of the military cone

penetrometer. The Operator's Manual presented in Appendix A

establishes an excellent foundation which would facilitate this

requirement. Even though the automated system may require an S

initial influx of training requirements, such a system will

potentially be easier to learn and apply than the conventional

proving ring system.

* 7.4.2 Maintenance Requirements

S. The electronic mechanisms which make up the automated cone

% % % % %
.1 . "e ,
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penetrometer Is a more complex system than the simple proving

ring system. This change in components means that the

maintenance levels involved In maintaining operational equipment

increase. Coupled with this is additional maintenance training

and study. However, since most of the maintenance personnel at

the unit and higher levels are generally accustomed to high tech

equipment maintenance, the relative increase in effort will

potentially be small.

The Operator's Manual for the automated cone penetrometer asN

presented in Appendix A of this report makes an attempt to

3establish the bounds of maintenance performance at the operator1r

level. If such a boundary is established, maintenance

requirements will probably not be overwhelming and should In no%

way curtail further development or implementation of the

automated system. Future generations of the automated cone

* system could Implement calibration checks for both depth and load

to facilitate operator detection of maintenance requirements.

7.4.3 Computer Requirements

As designed, the proposed automated system requires that a %

computer be made available to retrieve the measured soil

resistance and depth of penetration data which is stored in the

device's data logger. Even though the use of a computer allows

the retrieved data to be more quickly and thoroughly analyzed.

the requirement to transport a computer could be considered a

I. . N.%
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drawback to military units in a field environment. However, many

of the Army's most advanced units currently depend on a computer

for the daily management requirements of the unit (i.e.

maintenance, personnel, and supply); therefore, it is suggested No

that computer requirements for analyzing the data measured with

the automated cone penetrometer could easily be Incorporated into

this daily cycle with little effect on current practice. As e

presented in the text of this report, this research program used0

an IBM portable computer which is fully capable of being easily

transported and operated in a field environment.

This need to utilize a computer is listed as a disadvantage

only because of the fact that not "all" military units, at the

present time, art equipped to function under daily computer '

requirements. As computers become more of a common item in %

military operational practice, this computer requirement should

not be considered a great disadvantage for the conduct of

extensive military trafficability studies.

%

7.4.4 Power Source Location

The current design requires four 9 volt transistor batteries

* be installed inside the apparatus for power supply requirements.

* In the initial generation system, the apparatus must be taken

apart to check or replace these batteries. This is not a good /5

design concept as opening the electronic control boxes at the ' .

%_A

'.low
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operator level each time the batteries need to be checked or

replaced increases the risk of premature damage of the electronic

components and wiring. Even under the extreme control exercised

In the conduct of this research, the repetitious battery changes

caused damage to the RS-232 communication wiring system InsideN.

the apparatus, resulting in rendering the apparatus temporarilyU

non-oeratinal.IV

7.5 RECOMMENDATIONS FOR EQUIPMENT MODIFICATIONS

The purpose of this section is to present specific equipment

modifications for the automated cone penetrometer developed and

tested In the context of this report. As noted throughout this

report, the automated system tested in this research has proven

beyond a reasonable doubt that it is much more efficient and

effective in measuring soil resistance and depth of penetration 'U

than the proving ring system currently used. Note, however, that

this Is a first generation system and the following modifications

will provide an even more efficient and effective apparatus for

conducting military trafficabIlity studies.

7.5.1, Separate Power Source Compartment

The power supply is currently located inside the two

electronic compartments and Is considered a great disadvantage to

the present design. Therefore, it Is suggested that the

OR

'" &% .J
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batteries required to power the data logger, load cell, and

potentiometer be located in an easily accessible compartment

which is totally separated from the major wiring system of the

apparatus. The design modification should provide a means by

which these batteries can be Internally recharged. Such a design

wili facilitate the need to change or recharge the batteries and *p '

reduce the possibility of damage to the delicate wiring system in

the automated device. 
V

7.5.2 Measure Cone Tip and Friction Sleeve Resistance

Current equipment devel-npments In the field of in-situ soil

testing provide a means of separating the cone tip and sleeve
*%

resistance values. By separating these values, a more accurate

assessment of a soil's tip bearing capacity Is measured. In

addition, the use of the friction sleeve may allow better

delineation of soil properties. It is recommended that a second

A generation automated military cone penetrometer be designed and

fabricated to measure these values separately for future

research.

One may question this recommendation from the basis that the

current traafficability cone index values data base have been

derived based on a design which combines both tip and sleeve *
resistance. This is a valid concern and should be a point a

further study to quantify the effect of the separate readings.

* It is, however, noted that the military currently attempts tc

% % %
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establish a fine-grained soil's stickiness value in the conduct

of trafficability studies via separate testing and analyses.

Specifically, TM 5-330 states that the stickiness value of a soil

is a measure of how much a particular soil will adhere to the

running gear of a vehicle, thus possibly making travel and

steering that much more difficult. If the cone penetrometer was e

designed to separate the cone tip and friction sleeve resistance,

then a possible relationship between the sleeve resistance and

stickiness value of a soil may be established. Such a design may

enable the applicability of the current data base; a slight

correction may be necessary. 0
I,

7.5.3 Pore Pressure Measurins Device

I

In addition to a stickiness value, military trafficability %

studies attempt to establish a slipperiness value for a scil

which is defined as a measure of a soil's water content (TM 5-

330). The amount of water in a soil directly affects a vehicle's

ability to steer and the ability of a soil mass to support

sustained military traffic flow. In the design of cone

penetrometers, current technological advancements provide a means

by which the pore pressure generated by a penetrating cone in a

soil can be measured by placing a pore pressure element in th'e

vicinity of the cone tip. Such a modification may enable the

military to establish a better understanding of soil's strength.

permeability, and slipperiness particularly in soft saturatea

0
permeability
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soils. Pore pressur- measurements would also contribute to a

thorough analysis of the remolded resistance, a measure of the

soil's ability to support sustained military vehicle traffic.

7.5.4 Direct Cone Index Reading Capability •

It is suggested that the controls and display window on the

current device be reformatted such that the operator is able to S

read the cone index directly during the test; this would allow

rapid assessment of subsurface characteristics and may reduce the

requirement of data download onto a computer in certain

instances. The purpose of this modification is to allow a quick

assessment of a soil's trafficability if the need arises. After

completing a particular cone penetration test, such a

modification could possibly provide the operator with the ability

to read from the display window the cone index value at each 4 or

6 inch increment of penetration depth. Therefore, the operator

is able to quickly establish the trafficability of a particular

soil mass. The 96 data points are still stored in the data

logger for this penetration, thus, allowing a more thorough

analysis at a later time. .

7.6 RECOMMENDATIONS FOR FURTHER RESEARCH

In view of the success of the automated system presented in

-
W
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the context of this report, it is highly recommended that further

research be conducted and the next phase of this research

commence. The proposed device provides a thorough and efficient

means of meeting current demands on trafficability studies

conducted on the highly technical modern battlefield. The

following areas are suggested for further research.

7.6.1 X-Ray Photofraphy of Cone Penetration 0

It Is recommended that a series of laboratory-controlled

penetration tests be conducted under x-ray control. The specific S

variables for study are expected to include the .5 and .2 square

inch cones and homogeneous and non-homogeneous soil conditions.

Conduct of these tests is expected to address the following key

items:

(1) analyze the deformation process around the

penetrating cone and relate this to the analytical

equations established by Baladi and Rohani (1981).

(2) evaluate the boundary effects of the remolding

kit's cylindrical test sample on soil resistance data

measured with the two cones.

(3) evaluate the influence of alternating hard and

soft soil layers on sol resistance and depth of

aayers o si

'

F .ob.
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penetration data.

It Is noted that the size of the cone would allow use of the

x-ray facility already available at Georgia Tech. This facility

has been utilized to penetrate 10 to 18 inch thick samples of

sand and should prove adequate. '

7.6.2 Conduct Cone Penetration In Calibration Chamber

It is recommended that a calibration chamber be constructed

which will allow laboratory-controlled cone penetration testing

In realistic soil conditions. This chamber would provide strict

control to precisely model varying boundary conditions and

degrees of saturation in a soil mass. The testing sequence

should utilize the automated military cone penetrometer with the

equipment modifications suggested In Section 7.5 and be conducted

to: 
.b

(1) evaluate the application of the analytical model

presented by Baladi, and Rohani (1981).

(2) determine If the measured soil resistance values

can be correlated to the engineering properties of a.-

particular soil (cohesion, 0. and shear modulus).

(3) more accurately define the effects of concentrated A

, 
0l
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surface loads as applied by the operator of the cone17I

penetromneter on the value of soil resistance.

(4) establish friction sleeve resistance and % A

stickiness value for a particular soil to provide a

possible correlation between these two values.

(5) evaluate the effect of pore pressure measurements

on the ability of a soil to support sustained loading

conditions.

(6) evaluate the effect of rate of penetration under

varying boundary conditions and degrees of saturation.

"A.

(7) Conduct tests using sand, silts and clays prepared

to a wide range of anticipated field conditions. The

unique feature of this type calibration chamber is the

size. Currently available chambers are approximately 3

feet In diameter, 5 feet deep, and capable of

simulating confinement of 10's of feet of Soil. This

size is not needed for the automated military cone

penetrometer because of the relatively small size ct

the prototype instrument and critical depth cf

Interest. Thus, it could be relatively easilly adapted

to the chamber at Georgia Tech used for the current

study. Z
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INTRODUCTION

This manual provides a "STAND ALONE" step-by-step procedural

outline on the set-up, use and data retrieving processes involved

in working with the automated military cone penetrometer. 0

Several hard copy examples are presented at the end of this

manual to aid in the various steps of operation. Prior to the -% a-

conduct of any operation using the automated cone penetrometer,

• ,. *J ..t
the operator should insure that he or she fully understands where %

each component of this device is located and its particular

function. It is imperative that all personnel study and

understand the following section which explains the location and 5
&

function of the various zomponents prior to beginning any

operation with this device. Without a thorough understanding "
% V. %

the components, the operator runs the risk of possibly losing

valuable data. %

OVERVIEW OF THE AUTOMATED CONE PENETROMETER OPERATION .. i
The cone penetrometer is the primary instrument utilized by

the Armed Forces in establishing the trafficability of a selected '.

segment of terrain. In this design the conventional proving ring a-

%' %
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system was replaced with a load cell to determine soil 4.

resistance, a potentiometer to establish the depth of penetration

and a data logger for storing this data from a series of tests to

form an automated data acquisition system. Figures I & 2, at the

end of the next section, depict drawings of (1) the complete

automated cone penetrometer package in the storage position and

(2) the controls at the top of both the Control and Loading

boxes. The control box is configured with an outlet which can be

connected to a computer by use of a RS232 cable to retrieve the 0.

data from the data logger. This data can then be analyzed to %"

establish a continuous profile of the terrain over a two f'-)ot

depth.

The automation of this system provides many advantages of

which the most Important are:

*that the control of the automated data acquisition system

is straightforward and therefore easily applied with no change in

the actual technique utilized to push the cone penetromneter. *

*the elimination of detailed recording of cone resistance

and depth by the operators during the conduct of the test and

thus reducing possible errors.

*the elimination of an assistant as the automated system is

truly a one man operation.

Sa more efficient means of gathering data by speeding up

the overall data gathering process.

*that the device is much more sensitive than the proving

97
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ring system and is therefore able to better define the thickness

of a desiccated crust and non-homogeneity of a soil mass.

* the ability to conduct numerous penetrations before the

data must be down-loaded from the data logger by use of a

computer. The number of penetration tests which can be conducted

is actually a function of the software utilized In down-loading 71
the data. This will be further discussed in the section cn

"Retrieving Data".

* that a continuous profile of a penetration is provided in

the down-loaded data which can be quickly analyzed to evaluate

the trafficabillty of the given terrain. The values of cone _

index are the same as those previously utilized with the standard ,U

proving ring cone penetrometer.

.,, , n

LIST OF COMPONENTS AND FUNCTION .111

The automated cone penetrometer device consists of five

major components:(I) Control Box. (2) Loading Box, (3) Base

Plate, (4) Shaft, and (5) Cone. The Control and Loading boxes

are actually attached to a common plate for more efficient use; %

however, each is considered as a separate entity because of their *

particular functions. Figures 1 and 2 at the end of this manual

depict the location of these various components and should te '*N

referenced as you proceed through this section. The following %,%

paragraphs will define the particular function of these

'. .1,
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components with subsequent sections in the manual providing

detailed procedures for the use of these components to accomplish

specific tasks.

Control Box %

This box contains the data acquisition which Is the brains
A

of the automated military cone penetration device. The

electrical components in this box contain the data logger which

Interprets and stores the data from a penetration test;

therefore, special care should be taken to insure that this box

is not damaged in any fashion. This box contains an outlet which

enables the attachment of a RS232 cable to link the data logger

to a computer for down-loading data from penetration tests. The

operator utilizes this box to control the functions desired by

manipulating or viewing the following components on the top face

(Reference Figure 2):

Battery Switch - The purpose of this switch is to establish the

source which will power the load cell, potentlometer and data

logger In the apparatus. This switch is set up to provide the

operator with the capability of utilizing the cone penetrometer

on the INTERNAL power source of two 9-volt batteries in both the '

control and loading boxes or on an EXTERNAL 12-volt battery which S

can be connected by cable to the device. The switch has three

positions: (1) up to EXTERNAL source, (2) down to INTERNAL

J. ,.c.C ,
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source, and (3) middle for OFF. The EXTERNAL mode is more likely

to be used in maintenance repair operation or calibration

testing; thus, this manual will consider only the INTERNAL power

source which Is considered the most feasible for combat units in

a field environment.

RUN/STOP Switch - This switch is utilized to control the

operation of the data logger. The switch must be placed in the

RUN position In order for any mode/function to be initiated.

Upon completion of a function the switch must be placed In the

STOP position to Indicate the completion of this particular

function. Failure to Insure that these switches are In the

proper position will probably result in improper data

acquisit ion.

Mode Selector Switch - This switch Is utilized to indicate the fx~

particular function that the user desires. The switch must be in

the proper mode of operation prior to placing the RUN/STOP switch

in the RUN position. This switch provides the operator the 5'.1
capability of choosing from five separate functions:

L. MARK - To MARK one particular set of cone penetration

test data. An example could be that during the conduct of a

penetration test the operator hits a solid surface (e.g. large

rock) and wants to separately identify this test when the data vz

from all testing is retrieved. Specific situations where a

% %
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particular test is to be MARKed should be designated in the

0
Standard Operating Procedures (SOP) of a unit. I

2. DUMP - To communicate with the data logger via

computers. Utilized to retrieve test data and to modify the

existing program within the data logger. (Note: At no time should

the program be modified except by qualified personnel. In

addition, a possible shortfall or benefit, depending on how one 0

considers it, of the Model IV, Onset Tattletale device is that

the program is not burned into memory and can be altered.)

0

3. CLEAR - Utilized to erase all of the old test data from

the memory of the data logger prior to running a new test series.

(Note: Insure that all data is completely saved prior to W

Initiating the CLEAR mode of operation or all of the data

presently logged In the apparatus will be lost.)

4. 1, .5 and .2 Inch - Utilized to place the data logger

in the data gathering function. The operator should choose the I
mode which corresponds to the particular cone base area being

used for a given data gathering session.

6. CAL - Utilized to check the calibration of the load '%

cell and potentiometer within the apparatus. S

A detailed discussion of each of the above functions is outlined V

. %

% % , %
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in subsequent sections of this manual.

AREA Designation Panel - The two finger buttons on this panel

are utilized to designate test areas. This switch allows test

data to be separated and analyzed for a specific area. The

program in the data logger is set up to automatically increment

each penetration test based on the data from the potentiometer

which electronically Informs the logger that a 24 inch

penetration is complete to establish the sequential test number

for this penetration. The AREA designation provides an

additional control measure to establish different test

sites/AREAs which may be tested within a given testing sequence

prior to the data being down-loaded and then CLEARed from the

memory of the data logger.

*R/S Button - Utilized to initiate the execution of certain

functions chosen from the Mode selector switch. This button will

be further discussed in the outline of functional procedures. ~

Green Light - Utilized to provide visual proof to the operator
4 S

that a particular function Is in the process of being executed or

has been completed. Further discussion to follow.

Display Window (Liquid Crystal Display) - Utilized to provide a

visual digital display of particular functions chosen from the

Mode selection. Further discussion to follow.

% %,

% % % %
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0

Loading Box

This box contains the load cell which provides the means for

measuring the resistance of the soil being tested and the .

*potentiometer which measures the penetration distance. A N

standard military cone penetrometer handle is located on the top0

face of this box to provide the platform for the operator to

place his/her hands In applying the force required to cause the

cone to penetrate the soil (Reference Figure 2). A clip attached

toaWr slocated on the bottom of this box. This clip is 4

attached to the base plate, which the operator stands on during
. d

the conduct of a test, to allow the distance of penetration to be

logged by the potentiometer. 
-

Base Plate ~

This plate provides the support for the clip to the

potentiometer, the operator with a foot rest during penetration

testing, and a hole in the center portion of the plate which aids

the operator in minimizing eccentric loading conditions and to

allow passage of the penetrometer shaft through the plate. The '4

bottom of the loading box has four magnets which are utilized to '

secure the base plate In the storage position, flush to the

bottom of the box as depicted In Figure 1.

4% % %
% % I" I
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Shaft and Cone

The Military's standard 3/8 or 5/8 inch shaft, 30 inches in

length, Is attached to the load cell at the bottom of the loadi.g

box. A 30-degree cone of 1, .5 or .2 square inches in base area

is attached to the end of the shaft. A washer just small enough

to keep from freely passing through the hole in the base plate is

placed on the shaft oetween the cone and the bottom of the base

plate. This washer will aid in eliminating the possibility of -w

overextending the wire of the potentiometer and damaging the

device.

r -
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GETTING STARTED

*1. Inventory the equipment to Insure that each of the five

components listed previously are present.

2. Insure the battery switch is In the middle (OFF)

position and the RUN/STOP switch Is In the STOP position.

3. Insure that you have four fresh 9-volt batteries that

will provide at least 8.5 volts of power. Check the batteries e

* with a voltmeter to Insure proper voltage. Insert two Internal

9-volt batteries Into each box. The four screws at the top of

each box must be loosened in order that the top face of each can "

be removed and the batteries Inserted into their respective

storage compartments. Secure the top face of each box by re-

tightening the screws. CAUTION: Insure that the battery poles

are properly positioned prior to Insertion to minimize

possibility of grounding the circuitry. Special care must be

taken to Insure that this step Is completed In a very delicate

manner. Insure that none of the Internal electrical circuitry is

A handled In any fashion. In addition, Insure that the wires are .

not caught between the top face and the frame of the box when

securing the top face.

444. Check to Insure that the device Is operating properly.

% %
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Place the AREA switch In any area 2 through 9, the battery switch

in the INTERNAL position, and the RUN/STOP switch in the RUN

position. Once the device Is in the RUN configuration the

operator should see ** in the display window. If display is

present then proceed to step 7, if not present, then continue

with step 5.

S. Repeat steps 2 through 4 above.

6. If display Is still not present, then return the device

to qualified maintenance personnel.

7. Insure the battery switch Is in the middle (OFF)

position and the RUN/STOP switch is in the STOP position.

The device has now been tested and is ready for use In completing "

one of the tanks presented in the following sections.

8. Once all tasks have been completed with the automated

military cone penetrometer, the two batteries In the loading box

should be removed. The batteries In this box will drain because

of internal circuitry and therefore need to be replaced

approximately every six to eight hours unless removed.

9. Insure that the data logbook sheet is properly prepared

prior to the conduct of any test to minimize time in the field. 2

ONI
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A sample logbook sheet can be found at the and of this manual in

Figure 3.

1 1
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CALIBRATION

Only qualified maintenance personnel should perform detailed

calibration of circuitry within the device. However, all

operators should perform the following steps to insure that the

Initial calibration of the device Is properly established. 4

1. Insure that the battery switch is OFF and the RUN/STOP

is in the STOP position.

5,. 5,.

2. Turn the mode selector switch to the CAL position.

3. Place the battery switch in the INTERNAL position.

4. Place the AREA designation In the 9 position.

S. Place the RUN/STOP switch in the RUN position. Once in

the RUN position, hold the Control and Loading boxes in your

hands insuring that the load cell stem at the bottom of the

loading box Is not touched. The display window should read

approximately If# when the device is placed under self weight. 5 .

6. Place the AREA designation in the I position to check •

the potentiometer. The display window should read approximately

749 when the base plate is secure to the bottom of the loading

0

V
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box. , -.

7. If either reading is extremely erratic (greater than

+ 2%), then check the batteries, replace the batteries if need

be, and repeat the above steps. If the readings are still S

erratic, then return the apparatus to qualified maintenance % W1.

personnel for evaluation.
,..

8. Place the RUN/STOP switch in the STOP position and turn

the battery switch OFF.

,.,.-.
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0
CONDUCTING A TEST e *. ,

%- . m-

1. Insure data has been CLEARed from memory, it desired.

prior to performing any tests. :/

2. Attach the potentiometer clip at the bottom of the 1.-P

Loading box to the base plate and secure the base plate to the 0

bottom of the Loading box by use of the magnets. Insure that the

extension for the attachment of the shaft Is in the center of the

hole in the base plate.

3. Place the washer on the shaft and attach the appropriate

cone tip to the end of the shaft. Attach the shaft to the b:ttm 0

of the loading box when ready for testing. The shaft is threaded '.

and will screw into the load cell extension.

0
4. Insure the battery switch is OFF and the RUN/STOP switch

is in the STOP position.

S. Place the mode selector switch in the .2, .5. or I inch

position whichever corresponds to the base area of the cone which "

Is being used for the particular penetration.

0

6. Select the AREA designation which corresponds to the

site being tested and as specified in accordance with the unit's

%0

.*...:.....,,,....,,.,.. .

-." L' • ,J'. ,." ", ,. ,L'. ,%, . % = .. % % ,%. . . • . . . . . . .... . . ..-.. .. . . . . . . . . . . . . . . . .... . . . . ... .-.. . . .•. . . . .. . ... j. .
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SOP. Annotate the field data log book accordingly.

7. Position the base plate at its full distance from the N' *

loading box and flush on the ground where the penetration is to

be made. Place feet on the foot pads to brace the base plate and

hold the device in the upright position by the cone handle.

insuring that the cone tip is between the bottom of the base

plate and the ground surface. (NOTE: Insure that the cone tip0

does not retract through the hole in the base plate. A washer,

as previously discussed, should be placed between the cone and

the base plate. This will alleviate any possibility of pulling

the distance wire too far and damaging the potentiometer.)

8. Place the battery switch in the INTERNAL position. ]

9. Place the RUN/STOP switch in the RUN position.

NOTE: Insure that the cone tip is not in contact with the soil

*prior to beginning this step. Otherwise, the test data may be.e

erroneous.

10. Slowly position the cone tip to the soil surface where

J1.-a

the penetration is to be made. Insure that the shaft remains in

a vertical position throughout the conduct of the test to .

eliminate any possible errors which could arise do to eccentric

loading. The operator should position his/her hands one over the

other, at right angles, on the cone handle and slowly apply force

% % %% %



201 S
to the device. The green light should glow once the base of the

cone Is flush with the soil surface to designate that the device

Is gathering data as penetration Is made. The desired rate of 2

penetration Is approximately 1.2 Inches per second. The green

light will turn off once the penetration has been made to a depth

of 24 Inches. Test data is gathered every .25 inches which

should provide approximately 96 data points per test penetration.

This rate is software dependent and an adjustment of the software

can yield more data points if needed.

1. Once the green light turns OFF, place the RUN/STOP

switch In the STOP position and secure the base plate to the

bottom of the loading box by use of the magnets. Slowly retract

the cone tip from the soil by pulling on the cone handle.

12. Repeat steps 6 through 11 as required. It is noted

that the automated device will sequentially number the

penetration tests In the order they are conducted. After

completion of each penetration, Insure that the AREA and
% %

penetration number are properly recorded in the field data log.

The RUN/STOP switch can be placed in the STOP position at any -

point during the conduct of a penetration to stop a particular

test. The data collected from a test stopped short will be saved ~

In the data logger under the sequential test number for that

IF

V %V
%* .5 .

% %V
% %5
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particular penetration. Once all tests have been completed for a

given AREA the battery switch should be placed in the OFF

position.

,

%

"0

N

N

% % %

%..



i •-

20~3

MARKING A TEST

This function provides the operator a means of marking a

test because of special situations which may arise during the
conduct of that particular penetration. The marking of a

penetration test must be completed prior to the conduct of

another penetration. An example of the need to mark a particular

test may be the fact that during the conduct of a penetration the

operator was not able to fully penetrate the total 24 inches

because of an obstruction. When the MARKed data Is retrieved as 0

explained In the next section, the marked penetrations will have

a 1 designation while all unmarked penetrations will be

designated as O's in the MARK section of the retrieved data.(See

Figure 6)

1. Place the RUN/STOP switch In the STOP position.

2. Place the mode selector switch in the MARK mode.

3. Insure that the battery switch Is in the INTERNAL ,

pos !ition . - -

4. Place the RUN/STOP in the RUN position. ,

S. Push the R/S button. The green light should blink on

%
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and then off, once. This designates that the preceding

penetration has been MARKed to designate whatever the operator

desires. Insure that proper annotation of the reason for marking

has been properly logged into the data book.

6. Place the RUN/STOP switch in the STOP position and

continue with next desired function.

" b % % % %"% % le

% %v %,. S
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%

RETRIEVING DATA

This functional step outline will enable the automated

Imilitary cone or computer operator the capability to retrieve the

data that has been stored in the automated penetrometer's data . -

logger. The following steps have been developed to utilize the

following hardware and software:

Hardware: IBM PC, IBM PC Convertible, or IBM Compatible

with MODEM capability.

RS232 Cable with appropriate Jack to link the

ONSET Tattletale Model IV Data Logger with the

computer's modem. A special cable, the TC-4

cable, must be utilized to accomplish this task I
due to the internal circuitry of the data logger.

Figure 4 provides a picture of the TC-4 with the

automated data acquisition device.L

*NI
Software: Communication's Software with required parameters

set to communicate with the ONSET data logger.

The MIRROR Communication's software will be

utilized for this procedure with the filename of

Tattle for the parameter settings. %P

% % .4

4k, *-' J
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Use of other communication's software such as Crosstalk and PC-

Talk is acceptable. The steps which follow assume that the

communication's software has already been configured to

communicate with the Tattletale data logger in the device. The

parameters for setup of the communications software are as

fol lows:

Baud Rate - 9600

Parity - no

Data Bits - 8

Stop Bits - 0

1. Insure that the battery switch is OFF and the RUN/STOP .

switch is In the STOP position. ..'A

'A.

2. Attach the male end of the ONSET TC-4 cable to the

Control box and the female end to the computer's MODEM port.

3. Insure the computer has been properly booted into DOS -

and place the Mirror communication's software disk in the

specified drive as prompted and type: MIRROR and press the .

carriage return/enter<CR>. The screen should look like Figure S.

4. Enter the number which corresponds to Tattle and press

<CR). A blank screen with a blinking cursor should appear. S

S. Place the battery switch in the INTERNAL position and 1

- % 0. % % % ., % % % % N
• .. ... ,. .,, -_. ,. ...,. .... -. ._. ,..-., ... .-. ... .,. ..-,- ._: ,' ... .. .. .,,. ., ..., ._ _.:, _..-.- .:...-.. -.* _.* ... -8e..
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the RUN/STOP switch in the RUN position. Important, insure these

switches are properly placed in this prescribed order. Insure

the Cap* Lock switch Is on. The screen should depict the I
foll]owing line:

'TURN CAPTURE ON IF YOU WANT TO SAVE THE DATA <CR>'

Press <CR>. At this time the data of the first penetration test

conducted should scroll across the screen. I
6. Once the data has finished scrolling the following text

should be depicted on your screen:

'TURN CAPTURE OFF' 0

'CONTINUE <1> OR STOP <2>'

At this command enter 2 and press <CR>. The following prompt

should appear: OK

7. Type: N-X <CR>, where X is the actual number of tests
• .

that need to be retrieved. After pressing the <CR> the OK prompt .

should appear again. It Is noted that all test will appear in

sequential order; therefore, X should be equal to the total

number of tests that were conducted In order to retrieve al l data , .

at once. The value of X is totally dependent on the number cf

test penetrations that you have completed. Presently, the design

does not allow a single test to be randomly retrieved from the S

data logger; therefore, all pertinent data must be retrieved 0

simultaneously. Also, the software that is being used fcr

X11

%* ,
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analyses may limit the number of test penetrations that can

effectively be used. For example, when using LOTUS 1,2,3 to N,

analyze the retrieved data, the maximum number of tests that can

be imported into a LOTUS file at any one time is 5. Editing

programs, which enable the operator to separate the master file -

of all penetration tests Into individual files, would provide a

means of retrieving many more tests. Individual tests cannot be

retrieved unless the first test is the only one retrieved.

8. Type: GOTO 9189 and press <CR>. The Turn Capture On

reminder should appear.

9. Press (ESC> and at the bottom of the screen the prompt

of 'COMMAND:' should appear. Enter in capital letters

'CA B:FILENAME.PRN' and press <CR>. The filename is the choice

of the operator with a limitation of eight characters which will.11

aid In describing the tested location or conditions. The

extension of .PRN must be entered as such so that the data saved

can be Imported into the LOTUS spreadsheet for further analyses.

The data from the X number of tests should start to be saved into

the designated file In Drive B at the time the carriage return is -

pressed.

10. When the prompt to CONTINUE OR STOP appears enter 2 and •

press <CR>.

" -". IF-%
% % % % % % % %
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1. Press <ESC> and at the COMMAND: prompt type 'CA OFF'. "LA

Press <CR>. This Insures that the data sent to the file In Drive ab.

B is totally accepted. Data in the file is stored as shown in

Figure 6.

12. At the OK prompt type 'RUN' and press <CR>. The green

light on the control box should blink on and then off to show

that the variables for the program have been reestablished ard

the device is ready for use in additional penetration testing.

13. Place the RUN/STOP switch in the STOP position and turn

the battery switch OFF.

14. Press <ESC> and type 'QU' at the COMMAND: prompt. S

Press <CR>. The DOS prompt for the given drive should appear.

15. Detach the ONSET TC-4 cable from the control box.

16. Data from the tests have now been saved under the file,

Filename.PRN and are ready to be manipulated by use of an

electronic spreadsheet. At this point the device is ready to be

taken to the field to retrieve additional data. Unless the .

memory Is CLEARed, the previous retrieved test data will remain

logged and subsequent test data will be numbered in sequential

order starting from where the previous data had ended. It is

good practice at this point to check the data file created to

I
, - . , , *% % - %. % . '. ' .. .. - " .5 " % ,



insure that all data has been properly retrieved and the memory % S .1

of the data logger CLEARed when satisfied.
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CLEARING THE MEMORY%

This procedure allows the operator to clear the memory of

any past data that is no longer desired for operational reasons.

It is good practice to insure that prior to clearing any data a

check is made of the data currently in memory and recorded if

necessary. Once the data has been cleared then it can no longer

be retrieved.

1. Insure the battery switch is OFF and that the RUN/STOP

switch Is in the STOP position.

2. Turn the mode selector switch to the CLEAR mode.

3. Place the area designation in AREA 0.

4. Place the battery switch in the INTERNAL mode and the

RUN/STOP switch In the RUN position. U
5. Press the R/S button. The green light should flash

twice. If the green light does not come on then repeat steps

through 5. If no green light appears return the apparatus to

qualified maintenance personnel.

61 The completion of the second green light flash

%q A
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designates that the memory has been cleared.

7. Place the RUN/STOP switch in the STOP position and the

battery switch in OFF.

v le F'
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ANALYZING THE DATA 
- .

*- A'

This procedural out lI ine will utilize the LOTUS 1,2.3

electronic spreadsheet and graphics software to analyze the data

retrieved from the ONSET Tattletale data logger. Other

spreadsheets with graphics and importing capabilities can be

utilized.

% U, q

1. Establish a blank spreadsheet file in the LOTUS program

as shown in Figure 7. 0

2. Import the file of the data that is desired to be

analyzed. To accomplish this task, first place the cursor Just

outside of the right edge of the established spreadsheet so that

the data from all of the tests can be imported and remain "'

%p. "*. 'throughout the process of manipulation. In the command menu for

%LOTUS enter the file import command and retrieve the data file " ',

% Z%'lyou created in the 'Retrieving Data' section. -, 

, . , .

3. Move the desired test data numbers for the 'DEPTH, LOAD,

TIME' to the appropriate location In the blank spreadsheet. The

load data is in pounds and must therefore be divided by the base

area of the cor,a used. The depth Is In Inches and should

therefore be only multiplied by a negative one to develop a

spreadsheet as shown in Figure 8.

-- : .
WA,, ,'

.. "; ?',; :,-,i,,,, ,*. .*, ." '% ," .',",, ." .".,_ ,""'_, . . ''.:'_':% -,', , : ._._ ,. .. . .. -, .. . . .. .''.:'"
%", ' '' %". %. %, % , : ,', ., -% .' % - * % . -+< .. '': . ''' ..-. '' : '' ''-.
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4. Utilizing the 'GRAPH' menu of commands develop a plot

with the DEPTH as the 'y' axis and the CONE INDEX as the 'x'

axis. Figure 9 depicts a plot utilizing this technique.

5. Enter the command menu and save this plot and

spreadsheet under an appropriate filename.

6. Once this penetration test data sequence has been saved

the next set of test data from the Imported section to the right

of the spreadsheet can be moved into the appropriate columns and

manipulated as stated in steps 3 through 5 above. Thesek

procedures are continued until all of the imported data has been -

analyzed.

7. Hard copies of the spreadsheets and the plots (as shown

In Figures 8 and 9) can be obtained by entering the appropriate z*

* menu of the LOTUS program (1,2,3 for the spreadsheet and

* PRINTGRAPH for the plots) and printing them.

e ~ ~ ~ * t A -
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FIGURE6, DATA RETRIEVED FROM THE TATTLETALE

TURrJ CAPTURE ON IF YOU WANT TO SAVE THE DATA -, CR: 'V
AREA- 41 TEST Ou 1: AREA- 5t TEST *a 2:CONEw 7t MARK= 0i CONE- 7: MARt. :DEPTH LOAD TIME DEPTH LOAD TIME

0.00 0.190a 7.54 12.00 00 .:
0.25 10.00 7.23 0.25 0. (00 7.14if. 0 0 01 11.09 0.50 fa.00 11.04
1.75 f. -00 14.31 0.75 0.o 14.24 10.. 0o 0.,i 18.44 1. ilia 0.7 0 18.65 
1.25 0.42 Z=.04 1.25 -'.1 :=.14

1.0 11.70 :5.29 .0 1.SO 0.40 ::6. :1

1.75 1.2!7 44.22 1.75 1.755 44.6
•00 2.55 48.26 3.00 2.97 48. 9:.:5 

- -SO .! 55.47 .•651 2.55 55.89::.75 2.55 58.91" :.75 2.!! 59.41
47_15 2.55 62.93 4.015 2.12 6:.6

4.51 2.152 7 5 4.51 1.75 71.88

4.76 2.12 73.94 4.76 1.70 74.65 5•w5.01 .. 12 78.15 5.01 1.70 78.910
5.-6 2.5! 81.74 5.26 1.70 82.47
5.51 2.5! 85.48 5.51 2.12 b.-6
5.76 2.55 8.99 5.76 2.5! 89.85
6.01 2.12 92.92 6.01 2.97 97.8:6.26 2.12 96.43 6.:& 3.41 97.6
6.51 .1- 100.21 6.51 3.92 1 . -1.1 16.76 2.1 103. 7,a 6.76 4.Z5 1o4.8: %
7.02 2.12 107.65 7.02 4.68 1 ,18. 79 %-4
7.:7 -.. 55 111.37 7.-7 4.68 112.4,;.,7.52 2.55 115.0 7.52 4.25 11.!6 ,7.77 2.97 118.81 7.77 4.25 12. .4
8.02 3.82 122.84 8.02 4.25 124. :,J

o,

0

'S
e 4

*.. , . .. :.- - .i ', : .. ' -. . .
. ,.- . y ' - '. . .. . .. ,.,, .. , .. . . .. .,,, . .,, - ,.. . -j.:
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APPENDIX 8

CHATTAHOOCHEE RIVER SAND
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COME INDEX VS. DEPTH 227
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CONE INDEX VS. DEPTH
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I DIM 10I, 1000) :REM 1000 ELEMENTS IN ARRAY;100@0 IN DATA FILE
4 A=0 :REM A= NUMBER OF SAMPLES IN THE SAMPLE AVERAGE
5 A=O :REM LOOP VARAIBLE IN THE STORE ROUTINE
6 B=0 :REM B- LOOP VARAIBLE IN THE STORE ROUTINE
8 C=,il :REM C- LOOP VARAIBLE IN THE STORE ROUTINE

1@ D=O :REM D- AUTO INCREMENTING VARIABLE (DATA TABLE) S
12 E=O :REM E=DUMF
14 F-0 :REM F- STORE
16 G=0 :REM G-DISPLAY
18 H=O :REM H-DISPLAY
20 1=0 :REM I-DISPLAY
22 J=O :REM J=DISPLAY
24 K=O :REM K-DISPLAY
2: L=12 :REM L=COMMON VARIABLE
:S M=4; :REM M=MODE OF OPERATION

N=vi :REM N=TEST NUMBER
32 O=@ :REM O=INPUT TEXT VARIABLE;USABLE a
34 F=s :REM P-COMMON VARIABLE
38 Q=O :REM QUCOMMON VARIABLE
38 R=O :REM R=COMMON VARIABLE
40 S=0 :REM S-NUMBER OF SAMPLES IN A PENETRATION
42 T-0 :REM T-LAPSED TIME BETWEEN SAMPLES
44 V-0 :REM V-DISPLAY WORD
46 W=O iREM W-TEST AREA iyi
49 X=O :REM XsDISPLAY
50 Y-0o REM Y-COLLECT
52 Z-O sREM ZnCOLLECT
54 ?-0 :REM ?n TIMER
58 4(1)=138 :REM f(1)-BASE OF THE CONE
58 @(2)=0 :REM 0(2)-BASE-.5*DEPTH INCREMENTS(FIRST READING)
80 0(3)=6 3REM 0(3)-DEPTH INCREMENTS(.248 INCHES)
62 @(4)=0 :REM 0(4)-LAST DEPTH+@(3)
64 @(5)=575+@(I) :REM 0(5)-DEPTH LIMIT
66 Q(6)=0 :REM 0(8)-PRESENT LOCATION TO MARK TEST
68 @(7)=0 :REM 0(7)-TEMPORARY STORAGE FOR DATA POINTER (D)
70 Q(8)=275 :REM 0(8)-DEFAULT SCALE FACTOR FOR LOAD CELL
72 @(9)=27- :FE" :(9)=DEFAULT SCALE FACTOR FOR DEPTH
74 @t1 =c :RE:- @(10)=LOAD FOR DISPLAY
76 e(11)=102 :REM Q(11)-LOADCELL WITH NO LOAD
78 0(12)-99 :REM Q(12)aMAX NUMBER OF SAMPLES/TEST
80 REM :REM CHAN(O)-LOADCELL
82 REM :REM CHAN(1)=DISTANCE
84 s(2)Q(1)-(0(3)/2) :REM
88 PSET 10
99 REM ################***##################################
100 REM ###*###########*# MAIN FROGRAM####################################
10 REM ###########*####* CLEAR ARRAY #############################
110 REM
115 PSET 10
120 FOR X=100 TO 900
170 @(x)=O
140 NEXT X
145 PCLR 10
150 REM

,-.
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170 REM ############MODE SELECTION ##############
'WO IF PIN(1)=0 F'CLR I7 :GOTO 3' :REM STOP MODE.-, %q
IT10 GOSUB 500 :REM SELECT THE MODE ..- 2'w.',
T3z GOSUB 800 :REM GET TEST AREA. .=
340 IF M-1 GOSUB 8o,--,,o :REM MARK MODE ...

50 IF M=2 GOSUB 900 0 :REM DUMP MODEA6"

. . ,-'

760 IF M=-- GOSUB Z0Q,,; :REM CLEAR MODE .%'
'70) IF M=4 GOSUP 4000i~ :REM MONITOR MODE
780 IF M=5 GOSUP 5000 :REM I INCH MODE r-,
390 IF M=6 GOSUB 5000 :REM .5 INCH MODE,".
400 IF M-,7 GOSUB 5000 :REM .2 INCH MODE %
410 IF M=8 GOSUB 6000 :REM CALIBRATE MODE %,4
420 SOTO 300 :REM START OVER %-'

50 REM SUBROUTINE TO CHECK MODES

5-0 M=O
5 40 FCLR 6,7,8 ,550 X=F*IN(9):*IF X=O M=ME :REM CLEAR MODE ##
510 REM 0E
570 PCLR 6,7,8:PSET 6R E S E

580 XPIN(9):IF X= M-6 :REM .5 INCH MODE
590 REM GM

630 PCLR G,7,8:PSET E,7M CE MOE
640 XPIN(9)IF X-0 SU :REM 1 INCH MODE -

660 PCLR 6,7,8sPSET 8 %-"_V7_
670 X"PIN(9)iIF X- 7 :REM .2 INCH MODE
480 T REM
690 PCLR 6,7,StF'SET 6185 0 X"PIN(9)R:EIF X= M- 2 SREM DUMP MODE M S * .- *

705 REM
710 PCLR 6,7,8:PSET 7,e
72 0 X=PIN(9):IF X=O M=8 :REM CALIBRATE MODE
725 REM
730 PCLR 6,7,SzPSET 6,7.8
740 X=PIN(9)iIF X-0 M-1 :REM MARK MODE M
750 IF M-0 SOTO 50 :REM NO SELECTION o.

760 RETURN ,8 T8

800 REM *******SUBROUTINE TO READ THE THUMBWHEEL SWITCH *****< ..810 W-PIN(15,14,1-E,1M)"1 INC, MOD

8210 W-15-W :REM COMPLEMENT THE NUMBER ""',"
830 RETURN ",.,.840 REM
2000 REM ******* **M** DISPLAY DATA (LCD)E

6910 REM

202 GM:H. REM CLEAR DISPLAY ACCUMULATOR.

2050 IF V<9999 I=O:J=128':GOTO '208 ,..,,
2060 IF V-,99999 I=128:J,,0:V=V/1,0:GOTO 2089 1%-'

70 PCLR 6,7,:-ET 7,6

2080 XV: REM GET BACK
2490 X=X/l0)IF: REM STRIP NEXT DIGITXMR AKO
2170 IF K0 H,:GOTO 2120: REM SUPPTORESS LEADING ZERO

R11M V-X%10:GOSUB SBI+:*T0):G=G+: REM NUMBER TO DISPLAY NEXT DIGIT'

1N

620."-" "-,, "E-CO~MPLEMENT TH N U R .
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212 A=V: REM GET BACK
21 V =X/I00: REM STRIP NEXT DIGIT
140 IF H=l IF 1:=0 H=Z:GOTO 2160: REM SUPPRESS LEADING ZERO

2150 V=X%109):GOSUB 260+(.*1):GG (k*256): REM NUMBER Tb DISPLAY NEXT DIGIT I
:160 X=V: REM GET REST OF NUMBER' BACK
2170 k=X/10: REM STRIP NEXT DIGIT
2180 REM IF H=! IF k=1 H=7:GOTO 1850: REM SUPPRESS LEADING ZERO
2190 V=X%10:GOSUB 226(K*10):G=G+(K+J)*65536: REM NUMBER TO DISPLAY NEXT DIGIT
2200 KV:GOSUB 2260+(K*10):H=K+I: REM LSD
2210 SDO H,32: REM SEND 3 DIGIT TO DISPLAY
2220 SDO G,24: REM SEND 0-2 DIGITS TO DISPLAYI
2230 RETURN

2240 REM *************** * TABLE *********************
2250 REM 0
2260 K=126: RETURN
2 7 V=24: RETURN
2280 i=109:RETURN
2290 K= 61: RETURN r .%
2300 K=27: RETURN
2310 1=55: RETURN A
221 K=119:RETURN S
2330 K 28: RETURN
2340 K =127:RETURN
2350 K-63# RETURN
2360 RETURN I
3000 REM *************** CLEAR MEMORY *******************
3010 IF PIN(1) =O RETURN
3020 IF W<>O GOTO 3010 tREM AREA MUST=0
3030 IF PIN(O)-1 GOTO 3'10 :REM R/S MUST BE PUSHED
3040 X-0 :REM CLEAR MEMORY

3050 PSET 10
3060 STORE X,#4,0
3070 IF X<2500 GOTO 3060
308e PCLR 10
3090 GOTO 1
5000 REM*************** SUBROUTINE TO COLLECT DATA *
50I ,0 REM 4(1)-BASE OF THE CONE
5012 REM @(2)-BASE OF CONE - .5 * DEPTH INCREMENT
5014 REM %(3)DEPTH INCREMENTS
5016 REM 0(4)-LAST DEPTH+(3)
5018 REM 0(5) ILIMIT

5020 REM TRIGGER POINT -0(1)-CONE LENGTH
5055 Yl00tzZi300sT-500:C-0:PCLR 10
5057 *(4)-01).(O(3)/2) :REM END OF FIRST DEPTH (MIDPOINT)
5060 REM
507 IF CHAN(0 1 25 RETURN :REM CONE IS NOT IN THE SOIL
5075 IF CHAN(1)..@(1) RETURN :REM CONE IS PAST FIRST DEPTH
5080 IF PIN(1)=0 RETURN :REM RUN/STOP SWITCH
5085 PRINT CHAN 1)
5090 IF CHAN(1),@(2) GOTO 5080 :REM NOT TO FIRST SAMPLE LOCATION
5100 REM
5110 REM TIME TO TEST % ..... % % % .S% %

5115 FSET 10 :REM TURN LIGHT ON
5120 REM a.)

IMF
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51.0 REM Y=IST STORAGE LOCATION FOINTER FOR LOAD S
5140 REM Z=IST STORAGE LOCATION POINTER FOR DEPTH
5150 REM Q(Y) & *(Z)xTEMPORARY DATA STORAGE :.N,.

5160 N=N+l: '=0 :REM TEST NUMBER
5190 REM "I"........ TA E A SAMPLE ..........
5200 REM
5=10 @(Y=O:@(Z)=O:@(T)=O :REM TEMPORARY DATA STORAGE
5220 S=0 :REM CLEAR # SAMPLES POINTER S
5230 @(Y)=CHAN (0)+@(Y) :REM READ LOAD
5240 A=CHAN(I) :REM READ DEPTH % %
5250 @(Z)-A+(Z) :REM STORE DEPTH
5255 (S'S+l
5260 IF A>0(4) : PIN(1)UO GOTO 5290 :REM LAST DEPTH
5280 GOTO 5230 %REM GET ANOTHER SAMPLE
5290 @(T) = :REM READ TIME S

c , ) @(=(c@(y)IS)- 1 1) :REM AVEAGE LOADCELL READING
5-05 IF @tY) 0 @(Y)=6
5"310 @(Z)=(@iZ)/S)-@tl) :REM AVERAGE DEPTH READING - OFFSET
5315 PRINT @tZ)
5Z17 4(10)Q@(Y)
5320 Y-Y+I:Z-Z+I:TT l :REM INCREMENT THE POINTERS
5340 Q(4)=@(4) O(3) :REM LAST DEPTH + DEPTH INCREMENT 0
5350 REM . CONDITIONS TO RUN .
5360 REM -

5370 IF PIN(I)-O RETURN :REM STOP OR CONTINUE
5380 IF CHAN(1)>-0(5) GOTO 5400 :REM LIMIT
5385 C-C+1 :REM INCREMENT THE NUMBER OF SAMPLES
5387 V,(0(10)*10000)/@(8):GOSUB 2000.'"
5396 GOTO 5190 :REM NEXT SAMPLE
5400 V-(@(10)*10000)/@(8),GOSUB 2000 ,.
5440 PCLR 10:GOSUB 7000 :REM STORE DATA :{-
5450 RETURN iREM FINISHED
8000 REM *************** CALIBRATION ******************************
6010 REM -
6020 IF PIN(I)-0 RETURN
8030 GOSUB 800 :REM GET CHANNEL
6040 IF W=O V-CHAN(O)*100
6050 IF W=l V=CHAN(1)*100 ,
0 b GOSUB 2000
6070 GOTO 6020r
7000 REM ********.***** STORE DATA *********************
7002 REM
7010 REM 100-LOCATION IN @(0) ARRAY WHERE THE IST LOAD VALUE IS STORED
7020 REM 300-LOCATION IN Q(0) ARRAY WHERE THE IST DEPTH VALUE IS STORED
7030 REM 500-LOCATION IN @(0) ARRAY WHERE THE IST TIME VALUE IS STORED
7040 REM *2-NUMBER OF S BIT BYTES IN WHICH TO STORE EACH VALUE
7050 REM D,,IS THE AUTO INCREMENTING VARIABLE
7060 REM
7070 @(6)-D+6 :REM LOCATION TO MARK TEST
7072 Y=100:Z=00:T=500 :REM LOCATION IN @(0) TO READ DATA
7074 IF C'@(12) C=0(1-,) :REM MAXIMUM # OF SAMPLES *,-*,

7080 STORE D,*2,W :REM AREA -

7090 STORE D,*2,N :REM TEST NUMBER

% %
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1,00 STORE D,#2,M :REM CONE SIZE
7110 STORE D,#2,0 :REM TEST MARVER %2-4,
7120 FOR A= TO "
7130 FOR B=O TO C :REM I TO LAST (S) SAMPLE
7140 IF A=l STORE D,#2,@(Z+9):GOTO 7170 :REM STORE DEPTH DATA POINT
7150 IF A=' STORE D,#2,@(Y+B):GOTO 7170 :REM STORE LOAD DATA POINT
7160 IF A=3 STORE D,#2,@(T+B) :REM STORE TIME OF SAMPLE

7170 NEXT B
7175 IF C=@(12) GOTO 7210
7180 FOR F=C+I TO @(12) %
7190 STORE D,#2,0 :REM FILL THE REMAINDER WITH 0

7200 NEXT F
7210 NEXT A %
7215 PRINT D

7220 RETURN
8000 REM ********************** MARK TEST *N**-**********************
8010 REM
8020 IF PIN(0)1 RETURN
8022 PSET 10
82 4 STORE @(6),#2,1 :REM MARI TEST

E 2c SLEEP I-i',
a';':J FZCL 10
80 0 RETURN •
9000 REM **************D******** DUMP DATA ***************** ***,
9010 REM
99120 FOR Y=I TO 10:PRINT ''YNEXT Y
9030 @(7)=D:D=, :REM SAVE DATA POINTER
90 40 PRINT 'TURN CAPTURE ON IF YOU WANT TO SAVE THE DATA <CR>:INPUT Y
9045 REM " COLUMN SET-UP .

9050 FOR E=1 TO N :REM NUMBER OF TEST TO DUMP 0
9060 X=GET(D,#2) :REM RETRIEVE AREA

9065 IF E-1 PRINT '" AREA- ,X,':';:GOTO 9080
9070 PRINT AREA- *,X,':';
9080 XsGET(D,*2) :REM RETRIEVE TEST #
9090 IF E=N PRINT TEST #= ',X,':"':GOTO 9140
9095 IF X<10 PRINT TEST #= ',X ,':';:GOTO 9140
9100 PRINT TEST #w ',XC''; -
9140 D-E*608 :REM NEXT TEST

9150 NEXT E
9160 D=4
9170 FOR E=1 TO N :REM NUMBER OF TEST TO DUMP
9180 X=GET(D,#2) :REM RETRIEVE AREA
9190 IF E=l PRINT '" CONE = ',X, :';:GOTO 9200
9195 PRINT CONE= ',X,':;
9200 X=GET(D.#2) :REM RETRIEVE MARl

9210 IF E=N PRINT MARI ,X, :GOTO 9220
9215 PRINT MAR,.- ',X.

9220 D=E*608+4 :REM NEXT TEST
9230 NEXT E
9250 FOR X=l TO N
Q:60 IF X=I FRINT'" DEPTH LOAD TIME';:GOTO Q270 0
9:65 IF X=N PRINT' DEPTH LOAD TIME" :GOTO 9-l0

b7 PRINT DEPTH LOAD TIME

9270 NEXT X -

,6.~~. 00,', ," ,
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' 8F, FRINT
9:90 FOR X=i TO C(12) :REM NUMBER OF DATA POINTS 255
9300 D-8 IV
91o FOR Y=,, TO N-i :REM NUMBER OF TEST
9- :41 A= ( D° ( ¥ I + ( y *o60f0).._.
9 0 C=A*(2*X) :REM I
9340 REM ---... ... ... ... ... .-% DEPTH ........ -... .. .. ... ..
9-45 B=GET(C,*2) :REM RETRIEVE DEPTH
9 -. 5 0 B=B* 100qlo/@ (9) :REM DATA*10000/SCALE FACTOR(2:.9.)
9 !r 6 0 Z=B%1ilo :REM Z=REMAINDER

9'.70 B-B/100 :REM B=INTEGER

9780 IF B=4 PRINT " .";:GOTO 9420 %
9390 IF B<10 PRINT . ";:GOTO 9410
9400 IF 8<100 PRINT .
9410 PRINT B,".";
9420 IF Z<10 PRINT "0";-" 9430 PRINT Z; z.

9440 C=A((2*X)+200)
w45'Z 51 EM .................. . ... LOAD .......

_4c'b E=GET(C.#2)
Z 47,;, SB= B*I li il'" ,'@ / C :REM DATA-I'. /SCALE FACTOF 'Z.Z

9480 Z=EB'.0,b
9490 B=B/100
9500 IF B=O PRINT " 0.";:GOTO 9550
9510 IF 8<10 PRINT ";:GOTO 9540
9520 IF B<100 PRINT . ;
9530 IF B>99 PRINT . ;

9540 PRINT B,.";
9550 IF Z<10 PRINT "0";
9560 PRINT Z;
9565 C-A+((2*X)+400)
9570 REM % %"% % % TIME %%' %. .%%%% '"%%%% ".%-

9580 B-GET(C,*2)
9590 Z=B%100 .--.

9600 B-B/100
9610 IF B-0 PRINT " O.";:GOTQ 9660
9620 IF 8<10 PRINT . ";:GOTO 9650 *, ,
9670 IF B<100 PRINT .. .;:GOT] 9650
9640 PRINT
9650 PRINT B,".";
9 b66 IF Z'10 PRINT "0";
9665 PRINT Z;
9b70 NEXT Y
9 680 PRINT
9685 SLEEP 100
9690 NEXT X
q700 D=@(7) :REM RESTORE POINTER
9710 PRINT TURN CAPTURE OFF :CR:"
9720 INFUT "CONTINUE .1 OR STOP 2. Y
9770 IF Y=- STOP
9740 IF Y 1 GOTO 9720 ..

;7541 INPUT "SWITCH START/STOP SWITCH TO STOP TO CONTINUE CR Y
9760 IF PIN(1)..0 GOTO 9490.
9770 RETURN
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